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A BSTR A C T
Most ground-w ater sampling methods require the investigator to  purge a 
large quantity  of stagnant w ater from a well prior to collecting a sample. A t 
hazardous waste sites, this can create problems w ith waste-w ater disposal and 
exposure of sampling personnel to  potentially hazardous materials. The use of 
in situ  ground-w ater sampling devices which minimize or eliminate the need for 
purging would help to alleviate these problems. In this field comparison study, 
the performances of seven ground-water sampling devices, including two in situ 
sampling systems, were evaluated to  determine if these devices would yield accu­
rate, precise, and representative data . The sampling devices included a bladder 
pump, a bladder pum p below an inflatable packer, a bailer, the Westbay® MP 
System, two in situ  BAT® devices, and a BAT® well probe. The sampling dev­
ices were installed a t a site contam inated by a benzene-chlorobenzene plume, and 
the comparison was based on the ability of the devices to  recover "representa­
tive" concentrations of these volatile organic compounds. The results of the 
experiment indicate th a t the BAT® sampling devices, which require only 
minimal purging, recovered high levels of benzene and chlorobenzene and per­
formed as well or better than  the more conventional bladder pum p. Samples 
collected w ith the Westbay® MP System contained significantly lower levels of 
volatile organic compounds than  those collected from all other devices. However, 
the Westbay® System was one of the more precise of the devices tested. Addi­
tional field experiments showed th a t the low recoveries associated w ith the W est­
bay® System were prim arily the result of a perforated VOA bottle septa, which 
allowed the volatile organic compounds to escape prior to analysis. Replacement 
of the septa, or use of a sample container which does not involve a perforated 
septa, effectively eliminates this problem. The pum p/packer com bination gen­
erally resulted in samples with lower yields of benzene than  the BAT® devices 
and the other bladder pump, although higher than  for the bailer or the W est­
bay® System. The bailer yielded both  inaccurate and imprecise data.
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1IN TR O D U C TIO N
The ability to  collect ground-water samples th a t are representative of in 
situ  conditions is a m ajor concern to  any ground-water investigation effort. 
Preservation of sample integrity from sampling point to  the laboratory is, in 
large part, dependent upon the methodology used to obtain  the sample at the 
well site. M ost conventional ground-w ater sampling methods require th a t a well 
be drilled, cased, developed, and several well volumes of w ater pumped prior to 
taking each set of samples, and each of these procedures m ay introduce variables 
which obstruct the ability to  collect a representative sample. A nother major 
problem, particularly a t hazardous waste sites, is the exposure to, and safe 
disposal of, the waste w ater purged from the well prior to  sampling. If a 
representative sampling technique th a t does not require the pum ping of large 
quantities of w ater can be dem onstrated, a  major sampling problem could be 
eliminated.
In recent years, the concern for obtaining representative samples of ground 
w ater containing volatile organic contam inants has prom pted the development of 
new sampling devices which are designed to  alleviate these concerns. Several 
published studies have focused on the effects these devices m ay have upon the 
physical and chemical integrity of the samples they are used to collect. Com­
parative studies, based either in the laboratory or in the field, are a common 
means of determining which sampling mechanisms or procedures function best 
under a given set of conditions. Laboratory studies by Unwin (1984), Barcelona 
cl al. (1984), and Stolzenburg and Nichols (1985), and field studies by Houghton 
and Berger (1984), M uska et al. (1986), Im brigiotta et al. (1986), Pearsall and
Eckhardt (1987), and Yeskis et al. (1988), compared some of the more commonly 
utilized ground-w ater sampling methodologies and devices. In general, each of 
the devices tested require the removal of s tagnan t w ater from the well prior to 
sampling. While well purging is generally considered to be a necessary procedure 
in order to  collect a  representative ground-w ater sample, the purging process 
may also introduce considerable bias in the sampling methodology. Gillham et 
al. (1985) note several potential problems associated with well purging, including 
the following:
- There is no assurance th a t all of the stagnan t w ater has been 
removed from the well, or th a t the resulting samples have not 
been contam inated by stagnant w ater remaining in the well.
- A large induced drawdown may alter ground-water chemistry 
(degassing, volatilization), or may draw into the well 
unrepresentative ground w ater from different geologic zones.
- Well purging can be time-consuming and require extra equipment, 
thereby increasing sampling costs.
- W astew ater disposal may become a problem if the volume is large 
a n d /o r if the w ater is contam inated.
Among the newer commercially-available sampling devices are in situ  dev­
ices which require th a t little or no w ater be purged from the system prior to 
sampling. To date, few studies comparing these devices to  the more conven­
tional ground-w ater sampling methods have been published. However, the 
existence of these new devices raises three im portan t questions:
- Do sampling methods exist which may eliminate the need for 
well purging prior to  sample collection?
- How valid or representative is the resulting sample?
- Are the proposed in situ  monitoring techniques inherently 
invalid because of the necessity of well purging?
This study  was initiated to address the concerns expressed by these ques­
tions. The concern is whether any of the in situ monitoring techniques yield
3representative data, or are the da ta  distorted due to the need to  purge the area 
around the device prior to  sampling.
O bjectives and Approach
The prim ary objective of this thesis was to conduct a field-oriented com­
parison between several ground-water sampling devices, including two in situ 
devices which require little or no pre-sample purging. Seven different sampling 
methods were tested and evaluated to; (a) determine if the non-pumping 
methods yield representative data, and (b) compare the accuracy and precision of 
the various sampling devices. The comparison was based on the ability of a dev­
ice to convey a representative ground-w ater sample from the subsurface environ­
ment, to  the ground surface, and into an appropriate sample container. 
Em phasis was placed on the effect these devices had on volatile organic com­
pounds and other gas-sensitive chemical species known to  be present in ground 
w ater at the chosen study site.
The ideal approach to  a study of this type would be to conduct the com­
parison in such a manner th a t each sampling device was subjected to identical 
sampling conditions. Under these conditions, the only sampling variable would 
be the device itself. The approach selected for this project included the following 
m ajor procedures:
- Six ground-water monitoring wells, including the in situ  devices, 
were installed in close proxim ity to  each other a t a site in eastern 
Las Vegas Valley.
- An initial set of multiple replicate samples was collected from the 
wells in order to determine possible variations, based on ground­
w ater chemistry, between the sampling points. The laboratory results 
were also utilized to estim ate expected laboratory error.
- Ground-water samples were collected w ith each device on a regularly 
scheduled basis over a 19 week sampling period. Samples were 
analyzed in the laboratory for a variety of organic and inorganic 
chemical parameters.
4- Laboratory results were subjected to  a variety of statistical analyses, 
including a two-way analysis of variance designed to  determine if 
significant chemical variations could be attribu ted  to sampling device 
a n d /o r sampling time. A m ultivariate analysis of variance was also 
utilized. Em phasis was given to sampling device effect on volatile 
organic compounds.
- Results of the statistical analysis were evaluated to  determine which 
device(s) yielded the most accurate, precise, and "representative" data.
5D E SC R IPTIO N  OF SAM PLING DEVICES
Seven ground-w ater sampling devices were utilized in this comparative
t
study, all of which are commercially available. The devices may be catagorized 
as follows; grab samplers (bailer), positive displacement mechanisms (bladder 
pum p, bladder pum p below an inflatable packer), and in  situ devices (Westbay® 
MP System, BAT® "well probe", and two BAT® in situ  filter tips). To minimize 
the possibility of contam ination, each sampling device is constructed from the 
most chemically inert materials in which it is available from the manufacturer.
Bailer
Bailers are perhaps the simplest of all ground-w ater sampling devices. They 
may be easily constructed from most tubular materials, are relatively inexpen­
sive, and are simple to use. The basic design of most bailers consists of a long 
tube (usually of rigid PVC, Teflon®, or stainless steel), open a t the upper end 
where a haul line is attached, and a simple ball-and-seat check valve a t the bot­
tom end (Figure 1).
The bailer is lowered into a  well by the haul line. C ontact with the w ater 
surface dislodges the check valve ball which allows w ater to flow through the 
main body of the bailer as it is lowered through the w ater column. When the 
descent of the bailer is stopped a t the desired sampling depth, the weight of the 
overlying w ater column closes the check valve, thus trapping- a sample inside the 
bailer. The bailer is then w ithdraw n from the well and the sample transferred to 
appropriate sample containers.
Haul line
Vent
Check valve
91cm
4.2cm
Figure 1. - Typical bailer design.
7Nielsen and Yeates (1985) and Scalf et al. (1981) list several advantages and 
disadvantages of using bailers to  sample ground w ater from wells. Advantages 
include the following:
- Bailers may be constructed from a wide variety of m aterials and in 
virtually any dimensions to accommodate any well diam eter and 
desired sample volume.
- Bailers are mechanically simple, easily operated, portable, and 
require no external power source.
- Bailers are relatively inexpensive, making it possible to  dedicate a 
separate bailer to  each well.
- Samples may be taken from vitually any depth.
Disadvantages of bailers include the following:
- Purging a well of stagnan t w ater w ith a bailer is often im practical, 
particularly w ith deeper wells. O ther devices are often needed to 
purge the well prior to sampling w ith  the bailer.
- Haul lines must be of a  noncontam inating material, adequately 
cleaned, and dedicated to  a single well to prevent cross-contam ination.
- A eration, degassing and turbulence may occur while lowering and 
raising the bailer through the w ater column and while transferring 
the sample to appropriate containers.
- Sampling personnel may be exposed to  any contam inants in the sample.
- The sample may not be representative of a specific point w ithin the 
w ater column.
- Movement of the bailer may dislodge particulate m atter from the 
casing wall, resulting in a  turb id  and unrepresentative sample.
The bailer utilized in this project is an all-Teflon® closed-top bailer pro­
duced by the Galtek® Corporation. The closed-top bailer design was chosen to 
minimize the possibility of stagnant w ater entering the device as it is retrieved 
from the well. A Teflon®-coated stainless steel haul line was used to  lower and 
raise the bailer. Sample w ater was discharged into clean glass beakers by
8carefully dislodging the check valve ball against the bottom  of the beaker.
The bailer was cleaned in the laboratory prior to  each day it was used in 
the field. The cleaning procedure involved careful scrubbing w ith a nonphos­
phate detergen t/tap  w ater solution, followed by rinsing w ith a 10% acetone 
solution and distilled water. Equipm ent blanks were collected following the dis­
tilled w ater rinse. The haul line was subjected to  the same cleaning process. 
When not in use, the bailer was stored inside a clean polyethylene bag.
Bladder Pum ps
Bladder pumps, also known as gas-squeeze pumps, are classified as positive- 
displacement sampling devices due to the utilization of positive gas pressure to 
"push" w ater samples from depth to  the ground surface for collection. While 
specific design m ay vary  somewhat, most bladder pumps consist of a flexible 
membrane (the "bladder") housed in a long rigid tube, a w ater intake check 
valve, a discharge check valve, a tubing line which allows for gas pressurization 
of the annular space between the membrane and the pump housing, and another 
tube for sample discharge (Figure 2). Bladder pumps require a supply of 
compressed gas and an autom ated control system which controls gas pressure 
and gas flow rates to  the pump, which in tu rn  dictate w ater sample discharge 
rates (Nielsen and Yeates, 1985).
Bladder pump operation is relatively simple. W hen the pum p is lowered 
into the well and submerged, w ater may enter the pump by passing through the 
intake check valve and into the bladder. Gas pressure applied to  the annular 
space between the bladder and the rigid outer wall of the pump compresses the 
bladder. This causes the intake check valve to  close and forces the w ater sample 
through the discharge check valve and up the sample discharge tube. When this 
"pump phase" is complete, pressure inside the pump is released and vented a t the
Sample Discharge Check Valve
Gas Inlet
Pump Casing
Bladder
Water Intake Check Valve
4.2 cm
Figure 2. - Typical bladder pum p design.
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ground surface by the control system. The discharge check valve closes under 
the weight of the overlying w ater column w ithin the discharge tube and prevents 
w ater in the tube from flowing back into the pum p. W ith  the bladder now fully 
relaxed, well w ater m ay again enter the pum p and fill the bladder. The process 
is repeated to  cycle w ater to the ground surface. A djustm ents to the autom ated 
control system regulate applied pressure and control the frequency w ith which 
pressure is applied to  and released from the pum p, thus controlling sample flow 
rates and lift capability as well as optimizing pumping efficiency (Nielsen and 
Yeates, 1985).
As noted by Nielsen and Yeates (1985), Scalf et al. (1981) and Gillham et al. 
(1983), advantages of the bladder pum p include the following:
- No direct contact occurs between the driving gas and the w ater 
sample, thereby minimizing concerns about gas stripping.
- The pum ps may be constructed of a wide range of materials, 
including stainless steel and Teflon®.
- A  wide range of pumping rates is possible and may be controlled 
relatively easily. This allows the bladder pum p to be used for 
well evacuation a t high pumping rates as well as for sampling
a t low rates.
- D epth capability is controlled prim arily by the operating pressure 
of the pum p. M any bladder pum ps are capable of pumping lifts 
of over 60 m.
- The pum ps are easily disassembled for cleaning and repair.
- The pum ps are commercially available in a variety of lengths and 
diam eters although most are designed for use in 5.1 cm diam eter 
monitoring wells.
Noted disadvantages include:
- Large gas volumes and long cycles are necessary when pumping 
from deeper wells. This increases operating tim e and expense.
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- A lthough adjustable, pump discharge is in term ittan t.
- The pump may subject the sample to  turbulen t flow and large 
pressure changes.
- M inimum pumping rates may be higher th an  ideal for sampling 
ground w ater contam inated w ith volatile compounds.
- Check valves may fail in w ater containing a high suspended solids 
content.
Two all-Teflon® Well Wizard® bladder pumps (produced by Q.E.D. 
Environm ental Systems, Inc.) were utilized for this project. The gas-supply and 
sample discharge tubes, and all fittings are also made of Teflon®.
One of the two bladder pum ps was used in conjunction w ith an inflatable 
packer m ounted above the pum p. The packer serves to  reduce purge volumes by 
isolating stagnant well w ater above the pump and preventing th a t w ater from 
m igrating downward w ithin the well. The Purge Mizer® inflatable packer 
(m anufactured by Q.E.D. Environm ental Systems, Inc.) consists of a stainless 
steel body and fittings, and a  Viton® bellows. The pum p/packer combination 
was dedicated to  a single well and after installation, it remained downhole for 
the duration of the sampling period. The other bladder pum p was also dedi­
cated to  a single well, bu t it was necessary to remove it from the well after purg­
ing and sampling to  allow for sampling with the bailer.
The pumps were cleaned in a  manner similar to  th a t described for the 
bailer. P rio r to  installation in a well the pumps were first placed in cleaning 
tubes which contained the cleaning solutions. The pum p is activated and 
allowed to  pump approxim ately 19 liters of each solution through the pump and 
discharge lines. The solutions used were (a) a nonphosphate detergen t/tap  w ater 
solution, (b) a 10% acetone solution, and (c) distilled w ater. Equipm ent blanks 
were collected during the final distilled water rinse.
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BAT® G round-W ater M onitoring System
The BAT® Ground-W ater M onitoring System is a  relatively new type of 
ground-water monitoring system developed in Sweden by BAT® Envitech, Inc. 
Each component of the system is sealed and hydraulic interconnections between 
components are accomplished through the use of hypodermic needles, flexible 
seals, and induced pressure gradients. G round-water samples are collected in 
sealed, evacuated, glass vials which m ay be sent directly to  the  laboratory. 
Therefore, the system makes it possible to  collect pressurized w ater and gas sam­
ples w ithout the necessity of purging large am ounts of well w ater, or transferring 
samples to o ther containers, a procedure which often results in a loss of volatile 
chemical constituents or external contam ination (Torstensson and Petsonk, 
1986).
The prim ary feature of the system is the BAT® filter tip (Figure 3a), the 
standard  configuration of which consists of a therm oplastic body and a filter of 
high density polyethylene. The filter tips can be produced from a variety of 
materials and in several design configurations to  meet expected installation and 
sampling conditions. The filter tip is reinforced w ith a core of Teflon®-coated 
stainless steel and sealed w ith a flexible disc of a resilient material (fluororubber 
seals were used for this project). The filter tip is threaded onto the bottom  of an 
extension pipe and additional lengths of pipe are added as needed. Normal 
installation procedures call for the filter tip to  be pushed into the ground under 
a sta tic  load to  the desired sampling depth, although the installation may be 
completed in pre-drilled holes, as was done during this study (Torstensson and 
Petsonk, 1986).
G round-water samples are obtained by inserting the pre-sterilized, pre­
evacuated sample vial into a sample container housing, which is then lowered 
down the extension pipe. A t the lower end of the housing, a "guide sleeve"
13
5.1 cm
41 cm
/  ^
Septum of Fluororubber
Cap of PTFE and PVC
Thread connects t o ___
installation adapter
_ Thread connects to 
5.1 cm PTFE Pipe
Viton O - r in g ^  
■ Body of PTFE'
PTFE Filter 
Avg. Pore Size: 35^m  
Max. Pore Size: 120 ^m 
Apparent
Permeability: 1.7 x 10-"* cm/s
(b)
Figure 3. - BAT® filter tips: (a) In situ BAT® filter tip, 
(b) BAT® well probe, (adapted from 
BAT Envitech, Inc., 1987).
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assembly contains a double-ended hypodermic needle. The glass sample vials 
contain a flexible septa similar to  those in the filter tips. C ontact between the 
guide sleeve and the filter tip cap causes the needle to puncture the septa in both 
the cap and the sample vial. The vacuum  in the vial m ay then draw ground 
w ater from the formation, through the filter tip and into the vial. W hen the 
sample housing is w ithdraw n, the hypodermic needle w ithdraw s from both the 
sample vial and the filter tip. The guide sleeve mechanism causes the needle to 
w ithdraw  from the sample vial first, thus preventing a  loss of sample fluid 
a n d /o r gas (Torstensson and Petsonk, 1986). The septa in both the filter tip 
and the vial autom atically reseal as the needle is w ithdraw n. Pressurized sam­
ples m ay be obtained if the sample vial remains connected to  the filter tip long 
enough for the pressure inside the vial to  equalize with form ation w ater pressure. 
W hen disconnected from the filter tip, form ation pressure is preserved inside the 
sample vial (Torstensson, 1984). Filtered samples m ay be easily obtained 
through the use of an in-line filter adapter (Figure 4). A  m ajor advantage of the 
BAT system is th a t only the small am ount of w ater contained w ithin the filter 
tip itself, m ust be purged from the system prior to  sampling.
The two in situ  filter tips used for this study were designed to  be threaded 
onto a  5.1 cm diameter Teflon® extension pipe, which allows sample sizes of up 
to  500 ml to  be obtained. Both of the in situ  filter tips are modified versions of 
the s tandard  BAT® Mk II filter tip. One of the tips has a body of 
polytetrafluorethylene (PTFE, or Teflon®) w ith a porous P T F E  filter (hereafter 
referred to as BAT® PT FE ), while the other tip has a polyacetal body with a 
filter of high-density polyethylene (hereafter referred to  as BAT® HDPE). Both 
in situ filter tips were installed in pre-drilled boreholes and completed by 
backfilling w ith gravel pack and cem ent-bentonite slurry surface seals.
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Figure 4. - BAT® in-line filter adapter
(adapted from BAT Envitech, Inc., 1087)
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A th ird  BAT® filter tip used for this project is a  m ajor modification of the 
in situ tip and requires completely different assembly and installation procedures. 
However, once installed, it is functionally identical to a  standard  filter tip. 
Developed by BAT® Envitech, Inc. for the Desert Research Institu te, the BAT® 
"well probe" (shown in Figure 3b) is designed to  be pushed down the inside of an 
existing 5.1 cm diam eter well. The two Viton® o-rings on the probe provide the 
function of a packer to seal off the well screen from the environm ent in the cas­
ing above. W ith the well screen sealed off, the probe also functions as a sam­
pling port w ith which samples from the screened interval may be extracted. The 
well probe was installed in a conventionally designed monitoring well following 
well development. The well was purged of stagnant w ater prior to insertion and 
placement of the probe within the screened interval.
W estbay® M P System
The Westbay® M P System, designed and distributed by Westbay® Instru­
ments, Ltd. of Vancouver, British Columbia, is a ground-w ater monitoring dev­
ice which allows discrete samples or measurements to  be taken a t multiple-levels 
w ithin a single borehole. The system consists of various lengths of casing, joined 
by regular or valved port couplings, and a variety of specialized tools and probes 
designed to  access the ports and retrieve samples or measurement da ta  from the 
environm ent outside of the sealed casing. The m odular design allows for the 
establishm ent of as many monitoring zones as desired, and the well design may 
easily be altered a t the time of installation to  ad just to  unexpected subsurface 
conditions. The valved nature of the ports does not allow form ation w ater to 
enter the MP casing, thus eliminating the need to  purge stagnan t w ater from 
inside the casing prior to  sampling. Sampling probes accessing a  measurement 
port, draw the sample from directly outside the casing (Black et al., 1986).
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The standard  Westbay® M P casing has an inside diam eter of 37 mm and is 
available in several different lengths. All couplings and end caps are connected 
to the casing w ith a flexible shear rod, and o-rings provide a  tigh t hydraulic seal 
which prevents w ater from entering the casing. Regular couplings are used 
where valved ports are not required. Pum ping ports are used a t intervals where 
it may be desireable to  remove large quantities of w ater. The port may be 
opened and closed with a specially designed tool by moving an internal sleeve 
which exposes (or covers) slots th a t allow w ater to  flow in to  the casing. Opening 
this port makes it possible to  develop a desired monitoring zone, and positioning 
a pum ping port ju s t below a measurement (sampling) port allows for the 
development of the region around th a t port as well. A  measurement port cou­
pling is essentially a regular coupling w ith a check valve in the coupling wall 
through which fluid samples m ay be extracted. Normally closed, the valve may 
be accessed and opened w ith a sampling probe (Black et al., 1986).
The procedure for obtaining a fluid sample is depicted in Figure 5. A  sam­
ple container is attached to  the sampling probe and lowered down the casing to 
a point below the desired measurement port. The backing shoe is briefly 
activated (pneumatically activated, nitrogen-gas driven), releasing the  location 
arm . The probe and sample bottle are then raised above, and lowered down to 
the measurement port where it autom atically positions itself w ith respect to  the 
port valve. Activating the backing shoe pushes the probe to the wall of the cou­
pling and simultaneously forces the port valve to  open as the  face seal of the 
probe seals around the valve. Opening the probe sampling valve creates a 
hydraulic connection between the form ation w ater outside of the port and the 
sample bottle. A fter allowing enough time for the sample container to  fill, the 
sampling valve is closed, the backing shoe deactivated, and the probe returned to 
the surface. The port valve autom atically closes as the backing shoe is
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Figure 5. - Westbay® M P sampling probe operation 
(adapted from Black et al., 1986).
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deactivated (Black et a i, 1986).
Several sample container configurations are available. The container used 
to  collect VOA (volatile organic analysis) samples is shown schematically in Fig­
ure 6. The container holds a standard  40 ml glass YOA bottle. Two hypo­
dermic needles penetrate the bottle septum , one of which is hydraulically con­
nected to the sampler probe through a 0.32 cm diam eter Teflon® tube. When 
the sampler valve is opened, w ater flows through the tube and needle and into 
the bottle. As the bottle fills, the second needle vents gas and excess w ater into 
the container housing. This design allows the bottle to  be thoroughly flushed 
w ith form ation w ater w ith only the  last 40 ml kept as a sample (Black et al., 
1986).
The Westbay® M P System components chosen for this study  are made of 
stainless steel. Three measurement ports were installed a t various depths, but 
only d a ta  from the lowermost port were used in the com parative work. A 
pumping port was installed 0.6 m below the lower measurement port to allow 
development of the m onitoring zone and a 0.9 m section of screen (0.025 cm 
slots) was placed around both  ports. The well construction was completed by 
backfilling with gravel pack around the monitoring zones, separated by bentonite 
seals. A standard  method of development for Westbay® installations, and the 
method used for this installation, is to  open a pumping port and airlift the 
w ater from the inside of the casing.
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SITE D ESC R IPTIO N  
Site Location and H istory
Site Location
The site chosen for this field study is located in the eastern part of Las 
Vegas Valley, w ithin the city limits of Henderson, Nevada, and approxim ately 3 
km south of the Basic M anagement Inc. (BMI) Complex, a large facility which 
houses several m ajor chemical production companies (Figure 7). Directly adja­
cent to the site is the P ittm an  Lateral, a  m ajor w ater conduit supplying 
Colorado River w ater to the Las Vegas m etropolitan area (Figure 8). Also adja­
cent to the study area is a series of 23 ground-w ater monitoring wells, collec­
tively known as the P ittm an  Lateral Transect, which are situated  perpendicular 
to the northw ard flow of ground water. The site chosen for installation and 
testing of the ground-w ater sampling equipment is located near the center of the 
P ittm an  Lateral Transect.
Site History
In the early 1940’s, the Federal Government, in response to  an increased 
wartime need for magnesium, constructed the Basic Magnesium facility in 
Henderson, Nevada. A fter the war, the facility was sold to  several private cor­
porations. Basic M anagem ent, Inc. (BMI) was created in 1952 by several of 
these corporations to manage certain portions of the complex (JRB Associates, 
Inc., 1981).
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Figure 7. - S tudy site location, eastern Las Vegas Valley. Site 
is detailed in Figure 8 (adapted from USBR, 1984).
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Figure 8. - S tudy site location, P ittm an  Lateral Site 
(adapted from USBR, 1984).
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From 1942 to the late 1970’s, unknown quantities of liquid and solid wastes 
were routinely disposed of in leach beds and unlined evaporation ponds on BMI 
property. Increased recharge due to leakage from the unlined ponds had an 
im mediate effect on the local shallow ground-water system as w ater levels rose 
rapidly. Flooded basements and cesspools in the com m unity of P ittm an , 3 km 
north of the BMI complex, were reported as early as 1942 (Geraghty and Miller, 
Inc., 1980).
At least one organic plume has been determined to  have originated from 
beneath property w ithin the BMI complex. An accidental spill from an under­
ground storage tank  in 1976 released approxim ately 113,500 liters of benzene, 
resulting in the extensive organic contam ination which exists today (Geraghty 
and Miller, 1980). The downgradient movement of the benzene plume has 
brought it into contact w ith a  variety of other organic compounds, which have 
mobilized and moved aw ay from their original disposal areas.
In the Spring of 1983, 23 monitoring wells were installed along the P ittm an  
Lateral Transect by the  Desert Research Institu te, Lockheed Engineering and 
M anagement Services, Co., and the U.S. Environm ental Protection Agency. The 
prim ary purpose of the P ittm an  Lateral wells was to  define the local hydrogeol­
ogy as well as the chemical character of the contam inant plumes. Since th a t 
time, the site has been used for a number of soil gas studies, fiber optic experi­
ments, and surface and borehole geophysics experiments.
G eology
The geology of the site is relatively uncomplicated, being composed of two 
m ajor geologic units: the unconsolidated sands, gravels and cobbles of the 
Q uaternary alluvial fan deposits, and the underlying M uddy Creek Form ation, 
here composed prim arily of clays, silts and fine sands.
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Q uaternary Alluvium
Q uaternary alluvial fan and valley-fill deposits originating in the McCul­
lough Range and River M ountains, directly overly the T ertiary  M uddy Creek 
Form ation a t the study site. The United States Bureau of Reclamation (USBR, 
1982) describes two distinct alluvial deposits near the site. An older fan deposit, 
consisting of poorly stratified, weakly indurated, light brown to  buff, gravelly 
sand and cobbles, is usually found as a 3 m to 6 m thick layer overlying the 
M uddy Creek Form ation. This unit tends to average 40 to  60 percent sand, 20 
to  50 percent igneous gravel and cobbles, and 10 to  20 percent nonplastic fines 
(USBR, 1982; Fordham  et a i, 1984). Thickness of these deposits is controlled by 
the shape of the erosional surface of the M uddy Creek Form ation, w ith a max­
im um thickness of 78 m being recorded in a well east of Henderson. Hall (1986) 
and USBR (1982) report local strongly-cemented sands and gravels above the 
M uddy Creek-alluvium contact.
Younger alluvial fan and valley-fill deposits are also described by USBR 
(1982) as poorly-sorted, unconsolidated sands and gravels, consisting of 50 to 60 
percent sands, 40 to  50 percent fine subangular gravels and traces of nonplastic 
fines. M aximum thickness of these deposits near the study site is approximately 
9 m.
Lithologic logs from observation and monitoring wells drilled in the area 
reveal several deep and narrow channels eroded into the top of the M uddy Creek 
Form ation (Figure 9). Geraghty and Miller, Inc. (1980) report th a t these chan­
nels are often filled w ith m oderately well-sorted deposits of sand and gravel 
resembling "gravel trains," which have been buried by subsequent alluvial fan 
deposits. N ear the study site, USBR (1982) labels these deposits as the younger 
Q uaternary alluvial fan and valley-fill m ixtures described above.
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Figure 9. - Structure-contour map of the top of the M uddy Creek 
Form ation, Henderson, Nevada (elevation contours in 
feet above mean sea level) (adapted from USBR, 198-1).
M uddy Creek Form ation
Most, if not all of Las Vegas Valley is believed to  be underlain by the T erti­
ary M uddy Creek Form ation, described by Longwell et al. (1965) as valley-fill 
deposits consisting of several facies which intergrade laterally from coarse­
grained deposits near m ountain fronts to  progressively finer-grained deposits in 
basin lowlands. I t is believed to have been deposited in an interiorly-drained 
basin, or basins, prior to  development of the present Colorado River drainage 
system. The form ation is characterized lithologically as clays, sandy clays, silty 
clays, gypsiferous sandy clays, clayey sands and conglomerates (Fordham  et a l, 
1984). Malmberg (1965) and Geraghty and Miller, Inc. (1980) describe the for­
m ation as consisting of thin layers of sand w ith some gravel, interbedded with 
thick beds of clay. Finer-grained facies are typically light-colored, ranging from 
reddish-tan to light green or white (Geraghty and Miller, Inc., 1980). Exposures 
of M uddy Creek Form ation w ithin the eastern portion Las Vegas Valley are rare, 
occuring only along the southern edge of Frenchm an M ountain and near W hit­
ney Mesa, west of Henderson, where exposed sedim ents consist of a sequence of 
reddish to  pink clays and silts up to 6 m thick (K aufm ann, 1978).
Lithologic logs from wells installed along the P ittm an  Lateral reveal a sharp 
delineation between the white to  brown clays and silts of the M uddy Creek For­
m ation and the overlying coarse sands and gravels of the alluvial-fan deposits. 
The sharp contrast allows for easy determ ination of the top of the M uddy Creek 
Form ation at depths ranging from approxim ately 3 m to  20 m below ground 
surface (Fordham et al., 1984) (Figure 10). However, USBR (1984) notes th a t 
the top of the "first clay form ation" may be a more recent deposit than  the 
M uddy Creek Form ation and may or may not be contiguous w ith it.
The thickness of the M uddy Creek Form ation is largely unknown, but 
probably varies greatly throughout most of the valley. Malmberg (1965)
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reported approxim ately 930 m of sediments logged as M uddy Creek Form ation 
from an oil test well near W hitney Mesa. A nother deep exploration well log, 
drilled by the Stauffer Geology D epartm ent 3 km north  of the Stauffer plant site, 
contained 660 m of M uddy Creek sediments.
H ydrogeology
The aquifer system within Las Vegas Valley is relatively complex, consisting 
of relatively coarse-grained alluvial sands and gravels interbedded w ith finer- 
grained valley fill deposits. These interfingering units of the M uddy Creek For­
m ation have allowed for the development of artesian, semi-artesian and 
uuconfined ground-w ater conditions throughout the valley. Maxey and Jameson 
(19-18) identified four principal aquifer zones in Las Vegas Valley. Three artesian 
aquifers, designated as shallow, middle and deep, are penetrated by wells a t 60 
m to 140 m, 150 m to  215 m, and over 215 m respectively. Fau lt zones in the 
western portion of the basin and semi-confining aquitard materials provide 
hydraulic connections which allow for upward leakage between aquifer zones. A 
fourth m ajor zone, the so-called "near-surface" aquifer, is generally found overly­
ing the M uddy Creek Form ation within the Q uaternary alluvial fan and valley 
fill deposits. Ground w ater in the near-surface aquifer occurs primarily under 
w ater table (unconfined) conditions although small areas of artesian conditions 
may exist where ground w ater has been confined by caliche layers or by lenses of 
low-permeability sediments (Kauffman, 1978; Fordham  et al., 1984).
Prior to extensive development of the ground-water resources in the valley, 
virtually all recharge to the near-surface aquifer was by upward leakage from 
deeper, artesian aquifers. Recharge due to  precipitation is generally considered 
to  be negligible (Malmberg, 1965). N atural discharge was prim arily to springs, 
direct evaporation (where the w ater table was near the ground surface), and by 
phreatophyte evapotranspiration, with little or no w ater discharging to Las
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Vegas W ash (Malmberg, 1965; USBR, 1982).
In recent years however, recharge to the near-surface aquifer, particularly in 
the lower Las Vegas Valley (the "lower" valley is defined here as th a t portion of 
the valley which lies to the east of W hitney Mesa and south of Frenchman 
M ountain), has changed considerably. Urbanization of the valley has increased 
recharge to the near-surface aquifer primarily by increasing irrigation infiltration 
and through the removal of phreatophyte vegetation near the washes. Prim ary 
sources of recharge in the Henderson area now include infiltrating irrigation 
water, sew age-treatm ent-plant effluent, industrial-effluent water, as well as the 
upw ard leakage of ground w ater from deeper aquifers (Kaufm ann, 1978).
From  the early 19-10’s to 1977, it was the policy of several of the companies 
w ithin the Basic M anagem ent, Inc. (BMI) complex to discharge industrial waste­
w ater in to  unlined ditches and evaporation ponds north  and east of Henderson. 
Malmberg (1965) noted th a t the ensuing recharge caused ground-water levels in 
the P ittm an  area to  rise to  w ithin a few meters of land surface. As noted ear­
lier, rising ground-water levels flooded basements in P ittm an  as early as 1942. 
To alleviate this flooding, waste-disposal ponds south of P ittm an  were aban­
doned soon thereafter, and over the ensuing two years, the high w ater table near 
the center of P ittm an  dropped up to 3.5 m (USBR, 1984).
Discharge from the near-surface aquifer in the lower Las Vegas Valley area 
is by seepage into Las Vegas W ash and by evapotranspiration. No large produc­
tion wells tap  the near-surface aquifer in this area, prim arily because of poor 
w ater quality (Geraghty and Miller, Inc., 1980).
Geraghty and Miller, Inc. (1980), in their ground-w ater investigation of the 
nearby Stauffer Chemical Com pany property, sta ted  three prim ary geologic fac­
tors which govern the occurrence and movement of ground w ater a t th a t site. It 
may be implied th a t these factors also play a m ajor role a t the current study
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site, located approximately 3 km north of the Stauffer site. These factors 
include:
- The slope configuration of the top surface of the M uddy Creek 
Form ation,
- The lithology of the M uddy Creek Form ation, and
- The presence of deep erosional channels w ithin the surface of the 
M uddy Creek Form ation th a t contain relatively high permeability 
"gravel train" deposits
Kleinfelder and Associates (1983) also point ou t the significance of upw ard verti­
cal movement of ground w ater from the deeper artesian aquifers. This upward 
flow effectively restricts downward vertical movement of ground w ater contained 
within the near-surface aquifer.
The prim ary water-bearing zone a t the study site is the Q uaternary  alluvial 
fan and valley-fill deposits overlying the low permeability sediments of the 
M uddy Creek Form ation. Near the P ittm an  Lateral site the ground surface, 
w ater table and the top of the M uddy Creek Form ation all dip gently to the 
north and northeast toward Las Vegas W ash (Figures 7, 9, and 11). Ground 
w ater generally flows to the north, but gradients may vary locally w ith changes 
in the surface of the clay aquitard, or w ith heterogeneities w ithin the Q uaternary 
deposits. D epth to  ground w ater along the Lateral is approxim ately 3 m 
although it may vary from 2 m to 4 m. Saturated thickness of the aquifer over- 
lying the clay aquitard ranges from 8 m to  approxim ately 14 m across the 
breadth of the P ittm an  Lateral Transect. The similarities between the gradients 
of the w ater table and the top of the M uddy Creek Form ation suggest th a t the 
configuration of the surface of the M uddy Creek Form ation is controlling the 
direction of ground-water flow at this site, ju s t as G eraghty and Miller, Inc. 
(1980) concluded for the Stauffer site.
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(adapted from USBR, 1984).
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The litliology of the M uddy Creek Form ation a t the P ittm an  Lateral site 
and throughout much of the surrounding area generally consists of thick units of 
clay and silt interbedded w ith a few th in  layers of sand and gravel. The low 
permeability of these sediments create an effective lower barrier to ground water 
flow from the overlying aquifer. However, very little inform ation regarding the 
hydraulic characteristics of the alluvial aquifer or the M uddy Creek Form ation 
in the lower valley region is available. While some inform ation has been pub­
lished for sites w ithin the BMI complex, none has been produced for the P ittm an  
Lateral site. Geraghty and Miller, Inc. (1980) performed no formal aquifer tests 
on wells penetrating a satu rated  sand layer in the upper M uddy Creek Form a­
tion, bu t noted the extremely low yield indicated by the large drawdowns meas­
ured while pumping at low rates. However, vertical perm eability tests were per­
formed on undisturbed cores taken from the upper M uddy Creek Form ation. 
Values ranged from 2.0 X 10-8  to 5.6 X 10-10 m /s, confirming the extremely low 
permeability of the upper M uddy Creek Form ation. Hall (1986) reported a 
transm issivity of 1.3 X 10-5 m 2/s  obtained during an aquifer test on the Stauffer 
site.
Aquifer tests performed by Geraghty and Miller, Inc. (1980) on two wells 
completed w ithin the Q uaternary alluvium resulted in calculated transmissivities 
ranging from 1.9 X 10-4 to 2.3 X 10-4 m2/s . These values were considered to be 
typical of the near-surface aquifer. A  th ird  well, completed in one of the deep 
channels in the surface of the M uddy Creek Form ation, yielded a calculated 
transm issivity of 2.1 X 10-3  m2/s . A nother well, located in a larger channel, 
yielded a  transm issivity of 9.1 X 10-3 m2/s . Hall (1986) reported transmissivi­
ties ranging from 2.0 X 10-5 to 4.5 X 10-3 m2/s  w ithin the alluvial aquifer on 
the Stauffer site. The large range in values was a ttribu ted  to  the anisotropic 
conditions common in alluvial fan deposits. Calculated permeabilities were
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found to be considerably greater in the channel-fill deposits w ithin the paleo- 
ehannels of the M uddy Creek Form ation surface. Fordham  et al. (1984) note 
th a t on the TIM ET, Inc. site (on BMI property), ground-water flow is generally 
down the slope of the M uddy Creek Form ation tow ard the deep channels, which 
transm it the bulk of the flow to  the north  tow ard the P ittm an  Lateral site and 
Las Vegas W ash.
Estim ates of ground-water flow rates vary from site to  site. Geraghty and 
Miller, Inc. (1980) estim ated a maximum ground-w ater velocity of 1.5 m /day  to 
6.1 m /day , based on the greatest calculated transm issivity at the Stauffer site. 
Similarly, Fordham  et al. (1984) estim ated a maximum flow rate of 10.7 m /day  
based on a sim ilar transm issivity, but w ith a  slightly steeper gradient and a 
porosity of 0.3. Ecology and Environm ent, Inc. (1984) report a  hydraulic gra­
dient of 0.012 and a flow velocity in excess of 0.8 m /day  in the P ittm an  area. 
Hall (1986) reported a velocity of 1.6 m /d ay  w ith a maximum of 7.3 m /day  at 
the Stauffer site.
The barrier to  vertical ground-water flow presented by the low-permeability 
sediments of the M uddy Creek Form ation is augmented by the upw ard vertical 
movement of ground w ater from deeper artesian aquifers. Geraghty and Miller, 
Inc. (1980) cite head d a ta  from wells tapping confined sand zones w ithin the 
M uddy Creek Form ation. Measured head in these wells ranged up to  10.4 m 
higher than  in adjacent wells completed in the near-surface aquifer. Fordham  et 
al. (1984) and USBR (1982) cite head d a ta  from nested wells and show th a t both 
upw ard and downward vertical gradients exist throughout the lower valley. 
USBR (1982) noted upward gradients in the P ittm an  area and below the BMI 
ponds near Las Vegas W ash.
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G round-W ater Q uality
Ground w ater in the near-surface aquifer in lower Las Vegas Valley is gen­
erally of very poor quality. The chemical composition of the water is a reflection 
of the type of m aterial through which the w ater moves, residence time, length of 
flow path, and the direct and indirect effects of urbanization and industrializa­
tion within the valley (Malmberg, 1965; Fordham  et al., 1984). The ground 
w ater in this region is characterized by high levels of total dissolved solids 
(TDS), sodium, chloride, and sulfate. Locally, significant levels of organic con­
tam inants may be found.
Large portions of the lower valley contain shallow ground w ater with 
greater than  5000 mg/1 TDS (Figure 12). The high content of dissolved salts 
may be attribu ted  to  several factors. W here high w ater table conditions exist, 
evapotranspiration processes concentrate salts in the subsurface. Dissolution of 
evaporite minerals along flow paths may add considerable am ounts of dissolved 
constituents to  ground water. USBR (1982) noted th a t many high TDS areas 
correspond to  large deposits of evaporite minerals. Sulfate, chloride, and sodium 
ion concentrations tend to increase from west to east across the valley, and these 
increases are generally a ttribu ted  to dissolution of gypsum and halite, both of 
which are abundant in the valley fill materials, particularly in the M uddy Creek 
Form ation (USBR, 1982).
Urbanization w ithin the valley has contributed both directly and indirectly 
to the high dissolved solids content of ground w ater in the near-surface aquifer. 
Infiltrating w ater used for lawn watering, agricultural development, or from 
industrial w astew ater disposal, leaches salts from the soil profile and into the 
underlying aquifer. W here infiltration is excessive, a rising w ater table brings 
ground w ater into direct contact with readily-dissolved salts stored in the vadose 
zone. Dissolution of these minerals increases the TDS content of the ground
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Figure 12. - C ontour map of to tal dissolved solids (TDS) concentrations 
(mg/1) in ground water, Henderson, Nevada (adapted from 
USBR, 108-1).
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w ater (USBR, 1984; Kaufm ann, 1978).
Groundwater a t the study site is contam inated by a variety or organic and 
inorganic compounds. Much of the organic contam ination m ay be traced to  an 
accidental leak in 1976 of approxim ately 113,500 liters of benzene from an 
underground storage tank  (Geraghty and Miller, Inc., 1980). Since th a t time, 
the benzene plume has m igrated to  the north and northeast tow ard Las Vegas 
W ash (Figure 13). Ecology and Environm ent, Inc. (1984) and Geraghty and 
Miller, Inc. (1980) cite benzene concentrations which range in excess of 500,000 
mg/1 near the source of the leak, down to approxim ately 10 mg/1 near P ittm an. 
Chlorobenzene and chloroform have also been detected in relatively high concen­
trations in the wells which make up the P ittm an  Lateral Transect.
Additional concern centers on the fact th a t the plume has passed under 
older waste disposal areas as it moved downgradient. G eraghty and Miller, Inc. 
(1980) and Ecology and Environm ent, Inc. (1985) suggest the possibility th a t 
other organic compounds present in these disposal areas have been mobilized in 
the presence of the high benzene concentrations and are now moving downgra­
dient in the contam inant plume.
M onitoring W ell Installation
Due to the design and operating procedures of the selected sampling devices, 
as well as the objectives of the study, it was necessary to  install several monitor­
ing wells in very close proxim ity to each other. Six ground-w ater monitoring 
wells were installed in late July 1987, near the m id-point of the P ittm an  Lateral 
Transect. The wells are arranged in a rectangular grid approxim ately 6 m apart 
with the long axis of the rectangle roughly paralleling the northw ard direction of 
ground-water flow (Figure 14). Well separation was based on drawdown and 
capture-zone calculations utilizing gross estimates the the hydraulic properties of
BMI C om plex
600 9_______ 6J0 m  890 9 690 . 1800 feet
Figure 13. - Map of benzene concentrations (ppm) in ground 
water, Henderson, Nevada (adapted from Ecology 
and Environm ent, Inc., 1084).
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the aquifer. A dual-tube percussion hammer drill rig was utilized to  install each 
of the wells. Lithologic logs from each borehole typically showed 6 m to 7.5 m 
of silty sands and gravels overlying a very hard  layer of cemented sands and 
gravels, which was found a t depths ranging from 6.4 m to 7.6 m below ground 
level. This layer was penetrated in well 6 a t 9.6 m, a t which point the drill bit 
entered a greenish-white clay interpreted to  be the M uddy Creek Form ation. 
Drilling for all other wells was term inated before or directly after contacting the 
top of the caliche layer, although some of the holes were driven a few meters into 
the caliche to  facilitate placement of the well intakes. Depth to ground w ater 
was found to be approxim ately 3 m.
In order to  further establish the similarities between the six wells, as well as 
to  select the proper depths for well intake placement, two boreholes at opposite 
corners of the rectangular grid (wells 1 and 6) were tem porarily cased w ith 10.2 
cm PVC pipe and logged w ith magnetic induction and natural-gam m a logging 
tools. In terpretation of the geophysical and lithologic logs suggested th a t each 
well intake should be placed w ithin a zone extending from 6 m to 7 m below 
ground surface. The logs suggested a lower clay content and perhaps better flow 
characteristics than  the deposits above or below this zone. Since the two logged 
boreholes were a t opposite corners of a very small rectangular grid, it was 
assumed th a t the hydrogeologic conditions would be very similar in the other 
wells.
Five of the six wells were cased w ith 5.1 cm Teflon® casing w ith well 
intakes placed w ithin the targeted zone described above. Three of the wells (1 , 
4, and 6) were screened over a 0.3 m interval. Two more consisted of BAT® 
filter tips w ith 5.1 cm diam eter Teflon® riser pipes (wells 2 and 5). The sixth 
monitoring well consisted of the stainless steel Westbay® MP System with meas­
urement ports placed a t 3 m, 4.5 m, and 6 m below ground surface (well 3).
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Only da ta  from the lowermost port would be utilized in the comparison. The 
other two ports were installed to  investigate vertical variations w ithin the con­
tam inant plume. Each well was backfilled with a gravel pack extending approxi­
mately 0.6 m above and below the well intake point. A  thin layer of fine silica 
sand was installed above the gravel pack followed by a surface seal consisting of 
a 5%  cement-bentonite slurry. The Westbay® well design was somewhat compli­
cated by the multiple monitoring zones, but the installation was completed in 
the same general manner as were the other wells. Well completion diagrams and 
generalized lithologic logs are presented in Appendix A.
The three wells w ith screened intervals were developed by pumping a t a 
rate of approximately 2.8 1/min w ith one of the all-Teflon® bladder pumps. The 
Westbay® installation was developed by opening the pumping port and airlifting 
w ater from the casing a t a rate of approxim ately 1.9 1/min. Pum ping on each 
well continued until sample tem perature, pH, and electrical conductivity stabil­
ized and a clear sample was obtained. After development of the Westbay® 
installation was completed, the pumping port was closed and any w ater remain­
ing inside the casing airlifted out.
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EXPERIM ENTAL D ESIG N
The experimental design devised for this project includes; the determination 
of significant differences between the six sampling points, selection of a suitable 
sampling frequency, and im plem entation of the sampling program. A more 
detailed accounting of the experimental design, as well as sampling procedures 
and quality assurance objectives may be found in Desert Research Institute 
(1987), an U.S. EPA-approved quality assurance plan.
Because the comparison between sampling devices could not be based on 
samples collected from a single monitoring well, several (six) wells were installed 
in a m anner th a t would suggest th a t hydrogeologic conditions were identical in 
each well. However, considerable random error, based on ground-w ater chemis­
try , could still exist between the wells. In order for a  comparison to be made 
based on samples collected from the different wells, the m agnitude of this possi­
ble source of error m ust be known. To determine if significant random error 
existed between wells, as well as expected laboratory errors, a survey sampling 
experiment was developed in which an initial set of samples was collected from 
wells 1, 4, and 6 by utilizing the same Teflon® bladder pum p in each well. Each 
well was purged a t approxim ately 1 1/m in  until a minimum of five well volumes 
had been removed. A  bulk sample was then collected in a 19 liter container 
before being split into five replicate samples. All samples were shipped to the 
Desert Research Institu te’s W ater Chem istry Laboratory in Reno, Nevada. 
Analysis for volatile organic compounds (VOC’s) was contracted to Alpha 
Analytical, Inc. of Sparks, Nevada. Samples were analyzed for pH, electrical 
conductivity, gross chemistry, to tal dissolved solids, dissolved silica, iron,
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manganese, to tal organic carbon, benzene, chlorobenzene, and chloroform. 
Laboratory analysis methods are summarized in Appendix B.
A stepwise linear discriminant analysis was performed on the resulting data. 
The results of the analysis indicated th a t significant differences existed between 
the three wells when based on any of the inorganic variables, while no significant 
differences could be found when only benzene, chlorobenzene, and to ta l organic 
carbon were used in the discrimination. The low variation in the inorganic data 
w ithin the sets of replicate samples allowed the wells to  be distinguished from 
one another. However, w ith the exception of manganese, the sample means for 
each chemical species were w ithin laboratory-stated experimental error. There­
fore, it may be assumed tha t ground-w ater chemistry does not differ significantly 
between the three wells, even though it cannot be proven statistically. Due to 
the close proxim ity of all of the wells, and the similarities in the lithologic and 
geophysical logs, this assumption may also be extended to  include all six moni­
toring wells. Based on the above assumptions, ground-water sampling proceeded 
under the assum ption th a t no significant differences existed between the wells. 
However, any further statistical comparison between sampling devices could only 
be made by utilizing the organic chemistry da ta  (benzene, chlorobenzene, total 
organic carbon) alone. A comparison based on the inorganic chemistry data 
would reflect not only the differences between devices, bu t also the differences 
between the wells. Laboratory results for the replicate samples, calculated means 
and s tandard  deviations, and a brief sum m ary of the statistical method used for 
the analysis are presented in Appendix C.
The sampling frequency was chosen based on; (a) a need to  collect a large 
number of samples a t closely spaced intervals, and (b) a desire to  examine tem­
poral variations associated with varying sampling intervals. Samples were col­
lected weekly during the first m onth, biweekly during the second m onth, and
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during the th irteen th  week. A final set of samples, made necessary to  satisfy the 
requirements of an additional set of field experiments, was collected during the 
nineteenth week. The first set of samples was collected during the week of 
February 8 , 1988. Each sampling week, the wells were sam pled in a random 
order determined w ith the aid of a table of random digits.
Wells 1 and 6 were purged prior to  sampling by pum ping (w ith the respec­
tive dedicated bladder pumps) a t a rate of 1 1/m in  until solution param eters 
(tem perature, pH, electrical conductivity) stabilized (±10%  over two successive 
well volumes) and a t least five well volumes had been removed from the well. 
Pum p discharge was then reduced to  less than  500 m l/m in . for sampling. Sam­
pling from well 1 was always accomplished by purging and sampling w ith the 
bladder pump prior to  sampling w ith  the bailer. The first two bailer volumes 
collected were discarded in order for the bailer to be thoroughly rinsed w ith for­
m ation w ater prior to collecting a sample. Bailer samples were transferred to a 
clean glass beaker, then poured into appropriate sample bottles.
Samples were collected from well 6 w ith a  bladder pum p used in conjunc­
tion w ith  an inflatable packer. The well was purged and sampled only after 
inflation of the packer. Well volume calculations accounted only for th a t volume 
of w ater in the well below the packer.
Sampling procedures for the BAT® and Westbay® systems were carried out 
as previously described. Because the wells were shallow and hydraulic heads low, 
it was discovered th a t a small vacuum had to be applied to  the Westbay® sam­
ple bottles in order to obtain a full sample bottle. This was accomplished 
through the use of a special adapter and a hand-held vacuum pump.
Sample tem perature, pH, electrical conductivity, dissolved oxygen, and 
bicarbonate concentration were measured in the field. M easurements taken after 
the final purge volume had been removed from wells 1 and 6 were considered to
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be representative of in situ conditions. M easurements from bailed samples took 
place only after the two initial bailer volumes had been discarded. Measurement 
of these param eters from the BAT® and Westbay® installations took place only 
after a t least one sample volume had been removed and discarded. Field 
analysis m ethods are briefly summarized in Appendix B.
Each full set of samples collected during the week also included two sets of 
equipment blanks (one set each for the bailer and the bladder pum p), one set of 
standards, one set of trip  blanks, and one set of duplicate samples collected from 
a random ly selected well.
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EXPERIM ENTAL RESULTS
The ground-w ater chemistry data  resulting from the analysis of samples col­
lected w ith each sampling device, as well as standard  solutions and blank sam­
ples, are summarized in Appendix D. A  great deal of organic and inorganic 
chemistry d a ta  have been collected during the course of this investigation under 
the assum ption th a t no significant differences existed between the wells. How­
ever, as noted earlier, the results of the survey sampling experiment have essen­
tially eliminated the inorganic data  from further use in the comparison between 
sampling devices. The m ethod of comparison, as described in the following 
paragraphs, was based primarily on the organic chemistry data  alone.
Benzene and Chlorobenzene
The laboratory analysis results for benzene and chlorobenzene recovery 
revealed considerable variation between sampling devices as well as w ith time. 
P lots of recovered concentration versus tim e (sampling week) for both  benzene 
and chlorobenzene graphically illustrate the differences th a t exist between sam­
pling devices w ith regard to  VOC recoveiy (Figures 15 and 16). In general, the 
BAT® devices and the bladder pumps recovered the highest levels of both ben­
zene and chlorobenzene, while samples collected w ith the bailer and the W est­
bay® MP System had much lower recoveries of the volatile organic compounds.
Figures 15 and 16 also reveal a definite decrease in VOC concentration with 
time, particularly w ith the benzene concentrations. As of yet, no explanation for 
this phenomenon has been forthcoming, although possible explanations may 
include: (a) the natural degradation of the organic contam inants as the plume
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Figure 15. - Benzene concentration (^g/1) recovered by each
sampling device shown as a function of time.
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moves downgradient, (b) a gradual east-west shift of the spatial configuration of 
the plume, or (c) the movement of cleaner recharge w ater, possibly due to  upgra- 
dient irrigation or w astew ater disposal practices, through the study  area. Con­
tinued sampling, on a much longer time scale, may resolve this issue. However, 
the concentration decreases appear to  have affected all six of the wells in the 
same general manner, and because pre-sampling in situ  conditions were con­
sidered to have been essentially the same in each well, it m ay be suggested th a t 
conditions are changing within each well in the same m anner. Therefore, it is 
assumed th a t on a week-to-week basis, no significant differences existed between 
the six monitoring wells.
Figures 17 and 18 are plots of mean recovered VOC concentration (in n g/1, 
or ppb) and standard  error of the mean for each device over the entire sampling 
period. These figures allow for a generalized ability to  compare the devices 
based on the VOC concentrations recovered during the 19 week sampling period. 
The benzene plot (Figure 17) shows two distinct groupings of sampling devices. 
The BAT® HDPE, BAT® well probe and the bladder pum p comprise one group 
which shows little difference in levels of benzene recovery. However, the much 
smaller standard  error associated with the bladder pum p suggests th a t it is a 
much more precise sampling device than  are the BAT® samplers. The 
pum p/packer combination, BAT® P T F E , and the bailer also displayed very lit­
tle difference between devices, bu t recoveries were considerably lower than  for the 
other BAT® devices, or the bladder pump. Samples collected w ith the Westbay® 
MP System recovered the lowest mean concentration of benzene, bu t the stan­
dard  error was also relatively low.
The chlorobenzene plot (Figure 18) displays one large and very distinct 
group, and perhaps two smaller groups. In contrast to  the benzene plot, this 
grouping suggests little difference in recovered chlorobenzene concentrations
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between the BAT® well probe, BAT® PT FE , BAT® HDPE, bladder pump, and 
the pum p/packer com bination. The BAT® well probe and the pum p/packer 
recovered high levels of chlorobenzene, but the results were also highly variable. 
Chlorobenzene concentrations were also quite high in samples collected w ith the 
bladder pum p, BAT® P T F E , and BAT® HDPE, bu t w ith considerably lower 
standard  errors. Bailer recovery of chlorobenzene was sim ilar to  th a t seen in the 
benzene results, w ith relatively low recoveries and high variability. The W est­
bay® NIP System again recovered the lowest mean concentrations, bu t w ith a 
very low standard  error.
The benzene and chlorobenzene da ta  were statistically  analyzed by means of 
a two-way analysis of variance to  determine; (a) if the performance of the sam­
pling devices differed significantly, and (b) if sampling tim e was a significant fac­
tor in the analysis. The results of the analysis on the randomized block design 
showed th a t both factors were significant a t the 95% level. However, as noted 
earlier, in situ conditions were assumed to have remained equal between the wells 
on a week to  week basis. This time factor was therefore excluded from further 
analysis. A  sum m ary of the methodology utilized in the analysis of variance is 
given in Appendix E.
The analysis of variance implies th a t the the devices differed significantly in 
their ability to recover volatile organic compounds in ground-water samples. 
However, the analysis does not reveal where the significant differences occur. A 
multiple comparison test, the Tukey test, which tests for significant differences 
between individual pairs of sample means, was utilized for this purpose. The 
results of the Tukey test tell which means of individual sampling devices did or 
did not differ at the desired significance level. The devices may then be grouped 
accordingly by bracketing those devices which show no significant differences. 
The methodology utilized for the Tukey test analysis for both benzene and
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chlorobenzene recovery is summarized in Appendix E. Results of the analysis are 
summarized in Table 1.
T able 1. - Tukey test results for benzene and chlorobenzene recovery. 
T he brackets enclose those sam ple m eans which show  no significant 
difference a t th e 95% significance level.
Benzene _
Well Device X
Chlorobenzene _
Well Device X
3 Westbay® 102
1 Bailer 178 )
2 BAT® PTFE 183 f 
6 Pump/Packer 196 1 
1 Bladder Pump 272 |
4 BAT® Well Probe 284 J
5 BAT® HDPE 344
3 Westbay® 616
1 Bailer 1076 )
5 BAT® HDPE 1381 J
6 BAT® PTFE 1453
2 Bladder Pump 1481 
1 Pump/Packer 1510
4 BAT® Well Probe 1593
The grouping of the sampling devices in this m anner is useful in comparing 
the relative performance of pairs, or groups, of samplers. The results appear to 
confirm w hat may be interpreted from Figures 17 and 18. The Westbay® MP 
System consistently recovered the lowest concentrations of V O C ’s and the result­
ing means differed significantly, a t the 95% level, from those of all the other 
sampling devices. In general, use of the BAT® sampling devices and the bladder 
pum ps produced higher recoveries of both organic compounds, and in terms of 
chlorobenzene recovery, no significant differences were found to  exist between any 
of these devices. The bailer yielded higher concentrations th an  the Westbay® 
System, but differed significantly from the bladder pum p, BAT® well probe, and 
BAT® HDPE in terms of benzene recovery, and from all bu t the BAT® HDPE in 
term s of chlorobenzene recovery.
T ota l Organic Carbon
A  plot of the concentrations of to tal organic carbon (TOC) recovered by 
each sam pling device versus sampling week shows an overall decrease in concen­
tra tion  w ith time similar to  th a t seen in the benzene and chlorobenzene data
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(Figure 19). However, the da ta  are highly variable and a clear distinction 
between sampling devices is not readily apparent.
The TOC d a ta  were subjected to a  two-way analysis of variance similar to 
tha t performed on the benzene and chlorobenzene da ta  (Appendix E, Table 21). 
Again, both factors, sampling device and sampling time, were found to  be 
significant a t the 95% level of significance. However, the results of the Tukey 
test for the TOC data  are rather ambiguous, w ith the only firm interpretation 
being th a t the BAT® PT FE , pum p/packer, and bailer recovered significantly 
larger concentrations of TOC than  did the BAT® HDPE (Appendix E, Table 
22). The ability to make further interpretations based on the TO C d a ta  is 
further ham pered by the possibility of sample contam ination, which is revealed 
by the significant levels of TOC detected in equipment blanks and trip  blanks 
(Appendix D, Tables 14, 15, and 16).
Inorganic Chem istry
A lthough it had been previously determined th a t none of the inorganic 
chemistry d a ta  could be utilized in the comparison, an analysis of this data 
could still be useful as a confirmation of the earlier survey sampling results. 
W ith the exception of laboratory-measured pH and those chemical constituents 
th a t were generally below detection levels, all of the laboratory chemical analysis 
data  (including TOC, benzene and chlorobenzene) were combined and analyzed 
through a m ultivariate analysis of variance.
As expected, for each of the chemical constituents, sampling device, as well 
as sam pling time, were found to  be significant a t the 95% level of significance. 
In a  sense, these results confirm the assum ption th a t when based on inorganic 
chemistry alone, each well can be distinguished from all other wells. However, in 
this case, the distinction between wells may be enhanced by the influence of each
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sampling device. The finding of significant differences based on the benzene, 
chlorobenzene, and TOC d a ta  acts as confirmation of the much simpler two-way 
analysis of variance completed for each of these chemical constituents.
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D ISC U SSIO N  OF RESULTS
The prim ary objectives of this study were to  compare the accuracy and pre­
cision of the seven ground-water sampling devices and determine if either of the 
non-pumping sampling methods yield representative data. Because this is a 
field-oriented study, a true assessment of accuracy, and therefore "representative­
ness," is not possible. However, because of the physical and chemical properties 
of most volatile organic compounds, losses of V O C’s from the system are much 
more likely than  increases. Therefore, a  relative approxim ation of accuracy may 
be made based on the concentrations of VOC’s recovered during the sampling 
process (i.e. those devices which recover the highest levels of VOC’s are con­
sidered the most accurate).
Based on the above assum ption and the Tukey test results for benzene and 
chlorobenzene recovery, it may be stated  th a t the BAT® sampling devices and 
the bladder pum ps produced the most accurate results, while the bailer and the 
Westbay® M P System were the least accurate. In term s of overall precision 
(expressed as the standard  error of the mean, Sj), the bladder pump, BAT® 
P T F E , and Westbay® MP System appear to be the the most precise sampling 
devices while the bailer and the BAT® well probe are the least precise. The 
results of this investigation appear to confirm some of the conclusions reached 
during previous studies regarding the consistency of the bladder pumps and the 
relative inconsistencies associated w ith the bailer (Barcelona et at., 1984; Yeskis 
et al., 1988). The inaccuracy and imprecision of the bailer is usually attribu ted  
to problems associated with how sampling personnel handle the bailer and the 
resulting sample. There is little doubt th a t the practice of discharging the
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sample through the bottom  check valve and into a transfer vessel contributed to 
the loss of VOC’s from the sample. However, pouring the sample from the 
bailer vent hole also proved to  be quite difficult. Utilizing a bailer w ith a 
bottom -em ptying device may have produced much more accurate and precise 
samples. In addition, both the bailer and the bladder pump require the purging 
of stagnan t w ater from the well prior to  sampling, thus producing the exposure 
and disposal problems discussed earlier.
The experimental results suggest th a t the BAT® samplers, which require 
only minimal purging, performed ju s t as well as the bladder pump, a highly 
regarded device for sampling ground water contam inated w ith  volatile organic 
compounds. Based on chlorobenzene recovery, the devices could not be dis­
tinguished from the performance of the bladder pum p at the 95% level of 
significance. In term s of benzene recovery, two of the BAT® devices (well probe, 
in situ  HDPE) yielded as high or higher concentrations as the bladder pump.
The lack of precision associated w ith the BAT® well probe and the BAT® 
H DPE relative to  th a t of the BAT® P T F E  is difficult to  explain. Sampling pro­
cedures for each device are virtually  identical. Therefore, the source of the 
imprecision m ust lie w ithin the characteristics of the filter tips themselves. The 
m aterials which make up the porous HDPE and P T F E  filters differ greatly in 
term s of flow characteristics and average pore size. One of the two materials 
may not allow for the sm ooth, gentle flow of w ater through the filter needed to 
minimize the possibility of volatilization and the subsequent loss of VOC’s. 
M aterials making up the entire HDPE filter tip (polyacetal body, high-density 
polyethylene filter) m ay also have a detrim ental effect on sample integrity and 
should be investigated further. The relative inconsistency of the BAT® well 
probe cannot be blamed on m aterials as it is made up of the same materials as 
the BAT® P T F E  filter tip . The imprecision may be a  reflection of problems
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associated with a prototype design, as well as applying this technology to sam ­
pling from inside a cased borehole, as opposed to  in situ  conditions.
The pum p/packer combination was designed to  minimize the am ount of 
w ater purged from the well prior to sampling by isolating a column of s tagnan t 
w ater above the pum p intake. Theoretically, the results should have been com­
parable to those obtained w ith the other bladder pum p, and the chlorobenzene 
recoveries appear to  back this up. However, recoveries of benzene, a  m uch more 
volatile compound, were significantly lower. The low precision associated with 
this sampling system suggests possible problems w ith the ability of the packer to 
seal off the s tagnan t w ater above the pump intake, or th a t the well simply 
w asn’t  adequately purged. A cracked or leaking casing m ay also compromise the 
capabilities of the packer. The possible effects of the Viton® packer bellows on 
sample integrity should also be evaluated.
The Westbay® MP System produced the lowest recoveries of both  benzene 
and chlorobenzene. However, the precision of the device was quite high. This 
com bination of low apparent accuracy and high precision suggests either the 
existence of a very consistent problem associated w ith the sampling device, or 
th a t VOC concentrations near the Westbay® installation (well 3) were much 
lower than  those found near the other wells. Losses of volatiles may be due to 
orifice effects around the port and sampling probe valves, excessive vacuum 
applied to  the sample vial holder, or poor well installation practices. Well 
development by airlifting may have had some long-term effects on sample chem­
istry  in the m onitoring zone around the measurement port. The vent needle in 
the VOA bottle holder may allow volatiles to escape in to  the interior of the con­
tainer prior to removing the bottle.
However, the most likely explanation for the loss of volatiles is th a t the 
septa seal in the VOA bottle caps may have been compromised by the two
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system hypodermic needle punctures (see Figure 6), thereby allowing for a path­
way by which volatiles could escape prior to  laboratory analysis. To investigate 
this possible source of error, an additional set of field experiments, detailed in 
Appendix F, was designed and implemented. The results of the experiments 
showed th a t a perforated septa is indeed a m ajor source of sample bias. The 
simplest and most effective solution to  this problem is the replacement of the 
septa w ith a new, unperforated septa. W hile this increases sample handling and 
is not a s tandard  procedure noted in the w ritten or verbal m anufacturer’s 
instructions, it appears to  be a necessary step in order to  extract and preserve an 
accurate sample. An additional sample, collected w ith a bailer from the interior 
of the casing (after the pumping port had been opened), revealed th a t conditions 
near well 3 were comparable to  those near the other wells, thereby minimizing 
the possibility th a t this is a source of experimental bias.
In general, the analysis of duplicate samples, s tandard  solutions, and blank 
samples yielded results which fell well w ithin the quality assurance objectives 
outlined in Desert Research Institute (1987). However, these quality assurance 
procedures did reveal a few problems, particularly regarding the possible contam­
ination of the TOC samples.
Of particular concern are the duplicate VOC samples and VOC standards. 
Duplicate samples collected during weeks two through four varied greatly in 
term s of benzene and chlorobenzene recovery. The lack of EPA  Analytical 
Reference S tandards during these weeks make it difficult to  determine whether 
most of the variation lies w ithin the laboratory analysis, or in the sampling 
methodology. In either case, the high variation among these samples points out 
the need to collect m ultiple replicate samples from each device, during each sam ­
pling week. Such a sampling plan may have eliminated much of the variability 
w ithin the da ta  over the entire sampling period.
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The laboratory analysis of the VOC standard  solutions resulted in concen­
trations which were consistently lower than  the sta ted  true value. While this 
deviation may be due to poor standard  preparation, or analytical variability, it 
may also be indicative of a limited sample shelf life. A lthough all of the samples 
were analyzed w ithin the maximum allowed holding time (14 days) (U.S. EPA, 
1986), most analyses were completed near the end of this time period. If it can 
be assumed th a t the solutions were prepared and handled properly, then sample 
degredation during storage should be considered as a possible source of sample 
bias. This would be a  particular concern w ith samples collected w ith the W est­
bay® MP System, as it is possible th a t the perforated septa may not be a 
significant factor if the sample can be analyzed quickly.
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CONCLUSIONS
In conclusion, the results of this field comparison appear to confirm the abil­
ity  of a t least one commercially-available in situ  sampling device to  collect 
representative ground-water samples. Both the in situ  BAT® devices and the 
BAT® well probe recovered benzene and chlorobenzene w ith an accuracy much 
greater than  th a t of the bailer, and a t levels rivaling those obtained w ith the 
bladder pum p. The Westbay® MP System, on the o ther hand, produced VOC 
samples which were much less accurate than  those collected w ith the bladder 
pum ps or the BAT® devices. However, additional experiments have shown th a t 
the replacement of the perforated VOA bottle septa w ith  a  new septa would 
allow the Westbay® device to  extract an accurate sample which could be 
preserved until the time of analysis.
In addition to collecting accurate samples, the in situ  devices allow samples 
to  be collected quickly, while minimizing the exposure of potentially hazardous 
materials to  sampling personnel. The devices are also relatively easy to operate 
and m aintain and the standardized sampling methodology allows for greater 
sample control with fewer sampling personnel needed to  obtain  the sample.
In addition to  the above conclusions, it should be also be noted th a t 
improvements can be made to  the experimental design based on the site and 
sampling device characteristics determined during this investigation. 
Modifications to the design should include utilizing fewer chemical variables, 
multiple-replicate samples, and newly-modified sampling procedures. The addi­
tion of replicated samples would have made the statistical analysis less suscepti­
63
ble to  outliers and would have solved some of the problems associated with lost 
da ta  due to sample compromise or inability to obtain a sample.
In order to  obtain  a more accurate evaluation of these sampling devices, it 
is suggested th a t additional studies, which include the noted changes in experi­
mental design, be developed and implemented a t the  P ittm an  Lateral site. 
F u rther studies, performed a t a variety of sites and involving these and other 
commercially-avail able in situ  sampling devices, are needed in order to  improve 
understanding of the applicability of these devices to  a  variety of monitoring 
situations.
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Sand, silt, and gravel
Gravel pack (16—grit 
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Fine silica  sand
1/4" bentonite pellets Ha5d* cem en ted  sands
and gravels a t  25
Figure 20. - Well 1 construction diagram and lithologic log.
Sampling devices: Bladder pump, bailer.
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Figure 21. - Well 2 construction diagram and lithologic log.
Sampling device: BAT® (PTFE filter tip).
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Figure 22. - Well 3 construction diagram and lithologic log.
Sampling device: Westbay® MP System.
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Figure 23. - Well 4 construction diagram and lithologic log.
Sampling device: BAT® well probe.
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Som e gravel (<10%). 
Brown to dark brown
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5% cem en t-b en to n ite  6 ^
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Fine silica  sand  
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HDPE BAT filter tip
Gravel pack (16 -grit  
silica  sand)
Gravel (to  3/4" , 50%). 
Silts, sand
Rounded gravels (to 3"). 
Sand, s ilt
Figure 24. - Well 5 construction diagram and lithologic log.
Sampling device: BAT® (HDPE filter tip).
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Figure 25 - Well 6 construction diagram and lithologic log.
Sampling device: Bladder pump with packer.
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FIELD A N D  LABO RATO RY ANALYSIS M ETH O DO LO G Y  
Field Analysis M ethods
Several chemical param eters were measured in the field soon after a sample 
was withdrawn from the well. These include: tem perature, pH, electrical conduc­
tivity (EC), dissolved oxygen, and field alkalinity (bicarbonate concentration). 
All measurements were made as quickly as possible after sample extraction in 
order to minimize the effects of atmospheric exposure or a change in sample tem­
perature. A brief description of the measurement process and equipment utilized 
for each param eter is given in the following paragraphs.
T em perature
Sample tem perature was measured w ith a Presto-Tek® pH-EC-tem perature 
meter (accuracy: ±0.15 ° C). Sample tem perature was measured to the nearest 
0.1 °C.
pH
Sample pH was measured with a Corning® 103 Hand Held pH Meter (accu­
racy: ±0.01pH) equipped w ith an Orion® gel-filled combination pH electrode. 
Prior to  measuring sample pH, the meter and probe were calibrated (according 
to m anufacturer’s specifications) with laboratory-prepared pH 6.86 and pH 9.18 
buffers. Sample pH was measured to the nearest 0.01 pH units. M eter calibra­
tion was re-checked after completion of the sampling process, and was considered 
acceptable if buffer pH measured to w ithin ±0.05 pH units of the original meas­
urement.
E lectical C onductivity
Measurements of electrical conductivity (EC) were made w ith the Presto- 
Tek® pH -EC-tem perature meter. Meter calibration and calculation of correction 
factors took place a t the beginning and end of each sampling day. Calibration 
standards of 5,000, 10,000, and 20,000 fim hos/cm  were used for the calibration 
process. Because sample EC exceeded 20,000 /zmhos/cm, the sample was diluted 
w ith distilled w ater to a 1:1 solution prior to  measurement. Measured EC values 
were then corrected by multiplying these values by two.
Dissolved O xygen
Dissolved oxygen was measured w ith a YSI Model 57 Dissolved Oxygen 
M eter (accuracy: ±0.1 mg/1) equipped with a YSI 5739 Dissolved Oxygen Probe, 
both  of which are m anufactured by Yellow Springs Instrum ents Co., Inc. The 
meter was air-calibrated (according to m anufacturer specifications) prior to each 
m easurement. Dissolved oxygen was measured to the nearest 0.1 parts per mil­
lion (ppm). M eter "zeroing" was occasionally checked in the laboratory by utiliz­
ing a prepared zero-oxygen solution.
Field A lkalinity
A lkalinity was measured in the field by utilizing a  Hach® Digital T itra to r 
and the Corning® pH meter and pH probe. Sulfuric acid (1.6N) was slowly 
titra ted  into a filtered 100 ml sample until a sample pH of less than  3.5 was 
obtained. A lkalinity was determined by plotting pH versus titra n t volume, and 
selecting an appropriate end point from the resulting curve. Bicarbonate concen­
tra tion  was then determined with a  simple calculation.
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Laboratory A nalysis M ethods
Samples for all inorganic constituents and total organic carbon (TOC) were 
prepared and analyzed by the Desert Research Institu te  W ater Chemistry 
Laboratory in Reno, Nevada. Samples were analyzed for pH, electrical conduc­
tiv ity  (EC), bicarbonate (HCO^“), chloride (Cl- ), sulfate (S 0 42 -), n itra te  (N03- ), 
sodium (Na+), potassium (K+), magnesium (Mg2+), calcium (Ca2+), manganese 
(Mn2+), iron (Fe2+), dissolved silica (S i02), total dissolved solids (TDS), and 
to tal organic carbon (TOC).
All analysis for volatile organic compounds were prepared and analyzed by 
A lpha Analytical, Inc. in Sparks, Nevada. Samples were analyzed for benzene, 
chlorobenzene, and chloroform.
Table 2 lists chemical species measured, the appropriate laboratory method 
reference, and laboratory equipment used in the analysis.
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T able 2. - Chem ical species, m ethod o f analysis, and equipm ent used.
Measurement
Parameter
Reference
Method Equipment
pH
EP A-600/-1-79-020 
(March, 1979b) 
Method 150.1
Beckman 4500 
Automated Titrator
Electrical Conductivity
EP A-600/'l-79-020 
(March, 1979b) 
Method 120.1
Beckman Model RC-19 
Conductivity Bridge
Bicarbonate
(Alkalinity)
EP A-600/ 4-79-020 
(March, 1979b) 
Method 305.1
Brinkman Metrohm 
Automated Titrator 
Model E 636/Series 02
Chloride
EPA-600/4-79-020 
(March, 1979b) 
Method 325.1
Coulter Industrial 
Kemolab
Sulfate
EPA-600/4-79-020 
(March, 1979b) 
Method 375.4
Ilach Model 2100 
Turbidimeter
Nitrate
EPA-600/4-79-020 
(March, 1979b) 
Method 353.2
Two Channel Technicon 
Autoanalyzer
Sodium
EPA-600/4-79-020 
(March, 1979b) 
Method 273.1
Instrumentation Laboratory 
AA/AE 
Spectrophotometer 952
Potassium
EPA-600/4-79-020 
(March, 1979b) 
Method 258.1
Instrumentation Laboratory 
AA/AE 
Spectrophotometer 952
Magnesium
EPA-600/4-79-020 
(March, 1979b) 
Method 242.1
Instrumentation Laboratory 
AA/AE 
Spectrophotometer 952
Calcium
EPA-600/4-79-020 
(March, 1979b) 
Method 215.1
Instrumentation Laboratory 
AA/AE 
Spectrophotometer 952
Manganese
EPA-600/4-79-020 
(March, 1979b) 
Method 243.1
Instrumentation Laboratory 
AA/AE 
Spectrophotometer 952
Iron
EPA-600/4-79-020 
(March, 1979b) 
Method 236.1
Instrumentation Laboratory 
AA/AE 
Spectrophotometer 952
Silica
Skougstad e l al., 
(1979b)
Coulter Automated 
Analyzer
TDS
EPA-600/4-79-020 
(March, 1979b) 
Method 160.1
Barnstead T-1 0 0 A Water Bath 
Mettlcr Analytical Balance
TOC
EPA-600/4-79-020 
(March, 1979b) 
Method 415.1
Astro Model 2001
Benzene
Chlorobenzcne
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RESULTS OF SURVEY SAM PLING
Wells 1, 4, and 6 were sampled as a part of a survey sampling plan in order 
to determine expected laboratory errors and random  errors between wells. Each 
well was sampled with the same all-Teflon® bladder pum p, which was decontam­
inated prior to  use in each well. A five-gallon bulk sample was then collected 
and split in to  five sets of duplicate samples. The resulting data  and calculated 
means and s tandard  deviations are presented in Tables 3, 4, and 5.
A stepwise linear discriminant analysis was performed to determine if the 
data  variables could be used to classify the wells as separate units. The analysis 
is a m ultivariate equivalent to determining if there are significant differences in 
the data  values between the wells. A m ultivariate statistical analysis was called 
for because of the structure of the data  and the m any high correlations between 
the variables. The results of the analysis indicate th a t any of the inorganic vari­
ables can be used to  identify all the samples by well number. SiOo d a ta  can dis­
tinguish well 6 from wells 1 and 4, bu t cannot separate well 1 from well 4. 
W hen only to ta l organic carbon, benzene and chlorobenzene are used for the 
discrimination, there are no significant differences between the wells.
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Table 3. - Survey sam pling results, well 1.
Well No. 1
Sampling Date: December 18, 1987 
Sampling Device: Bladder Pum p
Replicate 1 2 3 4 5 X s
Temp. (* C) 
Field EC 
Field pH 
Field IICO3  
Field DO
Lab pH
22.4
27460
nm
nm
0.60
7.42 7.33 7.37 7.41 7.47 7.40 0.05
Lab EC 2 2 0 0 0 2 2 0 0 0 2 2 1 0 0 2 2 0 0 0 2 2 1 0 0 22040 55
TDS (mg/1) 16700 16700 16700 16700 16700 16700 -
Si0 2  (mg/1) 97 97 97 97 97 97 -
HCO3  (mg/1) 414 415 414 414 414 414 1
Cl (mg/1) 7350 7390 7230 7380 7410 7352 72
SO,, (mg/1) 2830 2830 2830 2830 2820 2828 5
N 0 3  (mg/1) <0.04 <0.04 <0.04 <0.04 <0.04 - -
Na (mg/1) 4740 4690 4780 4720 4740 4734 33
K (mg/1) 68.7 64.4 64.9 64.0 63.5 65.1 2 . 1
Ca (mg/1) 546 556 551 556 551 552 4
Mg (mg/1) 251 249 250 250 249 250 1
Fe (mg/1) 0.04 0.04 0.03 0.04 0.04 0.04 0 . 0 1
Mn (mg/1) 1.55 1.48 1.50 1.48 1.51 1.50 0.03
TOC (mg/1) 9.7 9.7 9.8 9.8 9.7 9.7 0 . 1
Beuzene (/xg/1) 303 331 300 1 2 2 344 280 90
Chlorobenzene (/ig/1) 1390 1480 1390 636 1590 1297 379
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Table 4. - Survey sam pling results, w ell 4.
Well No. 4
Sampling Date: December 17, 1987 . 
Sampling Device: Bladder Pum p
Replicate 1 2 3 4 5 X s
Temp. ( ° C) 
Field EC 
Field pH 
Field H C0 3  
Field DO
Lab pH
2 1 . 6
28920
7.23 
nm
0.40
7.23 7.30 7.21 7.28 7.36 7.28 0.06
Lab EC 22500 22500 22500 22500 22500 22500 -
TDS (mg/1) 16800 16900 16900 16900 16900 16880 45
Si0 2  (mg/1) 97 98 97 97 97 97 1
HC0 3  (mg/1) 415 415 415 415 415 415 -
Cl (mg/1) 7480 7460 7550 7430 7470 7478 44
S0 4  (mg/1) 2830 2830 2820 2820 2820 2824 6
N 0 3  (mg/1) <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 -
Na (mg/1) 4800 4800 4690 4730 4800 4764 51
K (mg/1) 66.3 66.3 65.4 65.4 66.3 65.9 0.5
Ca (mg/1) 567 562 562 562 556 562 4
Mg (mg/1) 262 260 258 257 259 259 2
Fe (mg/1) 0 . 1 0 0.09 0.09 0.09 0 . 1 0 0.09 0 . 0 1
Mn (mg/1) 1.29 1.30 1.30 1.33 1.32 1.31 0 . 0 2
TOC (mg/1) 9.6 9.6 9.6 1 0 . 2 10.5 9.9 0.4
Benzene (/xg/1) 350 267 266 323 276 296 38
Chlorobenzene (;tg/l) 1600 1350 1320 1560 1380 1442 129
8-1
Table 5. - Survey sam pling results, w ell 6.
Well No. 6
Sampling Date: December 16, 1987 
Sampling Device: Bladder Pum p
Replicate 1 2 3 4 5 X s
Temp. (* C) 
Field EC 
Field pH 
Field HCOs 
Field DO
Lab pH
2 2 . 0
2 2 0 0 0
6.15
nm
0.38
7.14 7.08 7.18 7.19 7.21 7.16 0.05
Lab EC 22400 22400 22400 22400 22400 22400 -
TDS (mg/1) 16700 16700 16700 16700 16700 16700 -
SiO., (mg/1) 99 99 99 1 0 0 1 0 1 1 0 0 1
HCOj (mg/1) 410 410 410 409 410 410 1
Cl (mg/1) 7500 7550 7520 7550 7570 7538 28
S 0 4  (mg/1) 2800 2800 2800 2800 2800 2800 -
NOa (mg/1) <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 -
Na (mg/1) 4770 4810 4930 4870 4810 4838 63
K (mg/1) 64.4 63.5 64.9 64.4 64.0 64.2 0.5
Ca (mg/1) 556 546 546 551 545 549 5
Mg (mg/1) 253 248 247 250 250 250 2
Fe (mg/1) < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 < 0 . 0 1 -
Mu (mg/1) 1.56 1.54 1.58 1.57 1.56 1.56 0 . 0 2
TOC (mg/1) 1 0 . 0 9.9 1 0 . 1 1 0 . 1 9.7 1 0 . 0 0 . 2
Benzene (/zg/1) 219 183 285 311 256 251 51
Clilorobenzene (wk/1) 1370 1 1 0 0 1560 1670 1440 1428 216
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Standard Solutions
Standard solutions were utilized as part of an internal quality control check 
on laboratory performance. Two types of solutions were utilized during this 
investigation. W ater from a tap off the Las Vegas Valley W ater District 
(LVVWD) system was used as a  standard  solution when EPA  Analytical Refer­
ence Standards were unavailable. True values for the L W W D  standards are 
unavailable however, and therefore these samples were intended for use only as 
an approxim ation of the accuracy of the laboratory analysis. E PA  standards 
were mixed in the laboratory and were therefore subject to  error during prepara­
tion. Results of the analysis of these standard  solutions are presented in Tables 
13 and 14. The relatively low benzene and chlorobenzene values may be due to 
a poorly prepared solution or volatilization through the sample bottle septa dur­
ing storage.
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Equipm ent Blanks
Equipm ent blanks were utilized as a check on the effectiveness of the 
bladder pump and bailer cleaning processes. Distilled w ater, purchased at a local 
grocery store, was utilized during the final cleaning rinse of the bladder pump. 
A pproxim ately 19 liters of distilled w ater were allowed to be pumped through 
the bladder pump and sample delivery tubing following sim ilar treatm ents using 
a detergent solution and a 10% acetone solution. The blank samples were col­
lected near the end of the distilled w ater rinse. Laboratory analysis results for 
the bladder pum p equipment blanks are presented in Table 15. Theoretically, 
the w ater should be devoid of both inorganic and organic constituents. The 
anomolously high TOC value during week 3 and the measureable levels of 
chlorobenzene found during week 2 may be due to  a contam inated w ater source 
or may be attribu ted  to  the difficulty of cleaning a bladder pump in a subaerial 
environm ent.
A similar cleaning procedure was utilized during the cleaning of the Teflon® 
bailer. A fter a final cleaning rinse, the bailer was filled w ith deionized water and 
samples were poured in to  appropriate sample bottles for use as equipment 
blanks. The analysis results for these equipment blanks are presented in Table 
16.
Trip Blanks
Trip blanks are utilized as a check on the sample bottle cleaning process. 
A fter each set of bottles has been cleaned, one bottle of each type is filled with 
deionized w ater, sealed, transported to the field w ith the o ther bottles, and pro­
cessed in the same manner as a field-collected sample. The deionized w ater was 
obtained a t the Biological Sciences D epartm ent a t the U niversity of Nevada, Las 
Vegas, and theoretically should be devoid of all inorganic and organic consti­
tuents. Analysis results for the trip  blank samples are presented in Table 17. 
The anomalously high TOC concentrations may be due to  a contam inated 
source of deionized water, an organic residue left over from the cleaning process, 
or a leachate derived from the plastic container in which the w ater is stored. 
The trip  blanks made up of "organic-free" distilled w ater (week 19) yielded 
inconclusive results as the w ater was apparently  contam inated in some fashion 
prior to  its use as a  trip  blank.
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SUM M ARY OF STATISTICAL ANALYSIS M ETHODS  
A nalysis o f V ariance
The benzene, chlorobenzene, and to tal organic carbon (TOC) d a ta  presented 
in Appendix D were statistically analyzed by means of a two-way analysis of 
variance on a randomized block design. The analysis was designed to  evaluate if 
the sampling devices as well as sampling time introduced a significant source of 
variation in the data. Of prim ary im portance is the determ ination of significant 
variation among the seven sampling devices. The hypothesis being tested is 
whether or not the sample means for each device differ significantly a t the 95% 
level of significance.
The randomized block design is presented in Tables 18, 20, and 22 for ben­
zene, chlorobenzene, and TOC recovery, respectively. Com putations necessary 
for the analysis of variance, as well as a sum m ary table, are also included. Miss­
ing values, due to  a lost or possibly compromised sample, were im puted by a 
weighted com bination of row and column means w ith the weighting being pro­
portional to  the num ber of observations in each mean. Im puting these values 
for the analysis simplified the com putations and had little effect on the com­
puted sums of squares. The im puted values are shown in the tables as numbers 
bracketed by parentheses. C om putation of means and standard  deviations did 
not include these values.
T ukey T est
Rejection of the null hypothesis in an analysis of variance implies only th a t 
the sample means differ from one another. In this case, the im plication is th a t
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the devices differed significantly in their ability to  recover V OC’s or TOC. How­
ever, the analysis does not determine between which sample means the inequali­
ties (or equalities) lie.
A multiple comparison test, the Tukey test, or honestly significant 
difference test, tests for significant differences between individual pairs of sample 
means (i.e. H0: =  fx2, H0: =  ^ 3, etc.) The results of the test reveal which
means of individual sampling devices did or did not differ significantly a t the 
desired level of significance. The results may be shown graphically by "bracket­
ing" those devices which show no significant differences (Table 1). The Tukey 
multiple comparison tests for benzene, chlorobenzene, and TOC recovery are 
shown in Tables 19, 21, and 23, respectively.
One problem w ith  the Tukey test is th a t it often yields ambiguous results 
when the test is unable to  determine which population a sample mean originated 
from. This may be seen in the results of the Tukey test for chlorobenzene 
recovery (Table 21). The results would suggest th a t sample means 2 and 3 were 
derived from one population, while sample means 3, 4, 5, 6, and 7 came from a 
second population. The test was unable to  accurately determine from which 
population sample 3 came from. Therefore, no statem ent can be made as to  how 
sample mean 3, or fia, relates to  the other population means.
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Table 19. - Tukey m ultiple com parison test, benzene recovery.
Null Hypothesis H0: Mi -  m2  — M3  =  Mo =  Ms — m8  =  m7 rejected.
Devices Ranked by Number: 1 2 3 4 5 6 7
Devices Ranked by Mean (i ): West Bail PTFE PP BP WP HDPE
Ranked Sample Means (X|): 102 178 183 196 272 284 344
Sample Size (nt): 8 6 7 8 7 7 8
SE =*
s2 1 , 1 2 xB ~
o ."A nB , * 9 ” SE
s2  ■= residual mean square — 1,312.84
Comparison
Difference 
*B -  *A SE q % .0S ,37 ,7 Conclusion
7 vs. 1 242 12.81 18.89 4.412 Reject Ho: M7  “  Mi
7 vs. 2 166 13.84 11.99 4.412 Reject Hq: M7  =  Mil
7 vs. 3 161 13.26 12.14 4.412 Reject H0: M7  — ^
7 vs. 4 148 12.81 11.55 4.412 Reject H,,: M7  -  Mo
7 vs. 5 72 13.26 5.43 4.412 Reject H0: M7  *» Ms
7 vs. 6 60 13.26 4.52 4.412 Reject H0: M7  ”  Me
6 vs. 1 182 13.26 13.73 4.412 Reject H0: Mo “  Mr
6 vs. 2 106 14.25 7.44 4.412 Reject H0: m8 “  M2
6 vs. 3 101 13.69 7.38 4.412 Reject H0: Mo =  Ms
6 vs. 4 88 13.26 6.64 4.412 Reject H0: Mo “  Mo
6 vs. 5 12 13.69 0.88 4.412 Accept H0: Mo -  Ms
5 vs. 1 170 13.26 12.82 4.412 Reject H„: Ms “  Mi
S vs. 2 94 14.25 6.60 4.412 Reject H0: Ms “  M2
5 vs. 3 89 13.69 6.50 4.412 Reject H0: Ms -  M3
5 vs. 4 76 13.26 5.73 4.412 Reject H0: Ms -  Mo
4 vs. 1 94 12.81 7.34 4.412 Reject H0: Mo -  Mi
4 vs. 2 18 13.84 1.30 4.412 Accept H0: Mo “  Mi>
4 vs. 3 13 13.26 0.98 4.412 Accept H0: Mo “  M3
3 vs. 1 81 13.26 6.11 4.412 Reject H0: Ms “  Mi
3 vs. 2 5 14.25 0.35 4.412 Accept H0: M3 =  M2
2 vs. 1 76 13.84 5.49 4.412 Reject H0: Mu ”  Mi
Overall conclusion: Mi v* i i 2 —  Ms “  Mo &  Ms — M0 m7
S um m ary  T able
Sampling Device X
Westbay® MP 102
Bailer 178 )
BAT® PTFE 183 \
Pump/Packer 196 J
Bladder Pump 272 1
BAT® Well Probe 284 )
BAT® HDPE 344 .
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Table 21. - T ukey m ultiple com parison test, chlorobenzene recovery.
Null Hypothesis H0: Mi ■= m2 — Ms =  — Ms =  Ms “  M7  rejected.
Devices Ranked by Number: 1 2 3 4 5 6 7
Devices Ranked by Mean (i): West Bail HDPE PTFE BP PP WP
Ranked Sample Means (x(): 616 1077 1381 1453 1481 1510 1593
Sample Size (n,): 8 6 8 7 7 8 7
SE .
.2  (n A nB JJ
q - *B ~  *A
SE
residual mean square ■* 37,093.05
Comparison
Difference
xB - xa SE <1 %.0S,37,7 Conclusion
7 vs. 1 977 71.33 13.70 4.412 Reject Hq: M7  — f i i
7 vs. 2 516 76.68 6.72 4.412 Reject Hq: M7  =  /iq
7 vs. 3 2 1 2 71.33 2.97 4.412 Accept H 0: M7  «= /i2
7 vs. 4 140 73.67 1.90 4.412 Accept H 0: M7  =  M,
7 vs. 5 1 1 2 73.67 1.52 4.412 Accept H 0: /x7 -  Ms
7 vs. 6 83 71.33 1.16 4.412 Accept H u: M7 -  Ms
6  vs. 1 894 68.91 12.97 4.412 Reject H 0: Ms -  Mi
6  vs. 2 433 74.44 5.82 4.412 Reject H 0: Ms -  m2
6  vs. 3 129 68.91 1.87 4.412 Accept H 0: Ms -  m3
6  vs. 4 57 71.33 0.80 4.412 Accept H 0: Ms =  M,
6  vs. 5 29 71.33 0.41 4.412 Accept H 0: Ms -  Ms
5 vs. 1 865 71.33 12.13 4.412 Reject H 0: Ms -  Mi
5 vs. 2 404 76.68 5.27 4.412 Reject H q: Ms “  ^
5 vs. 3 1 0 0 71.33 1.40 4.412 Accept H 0: Ms =  M3
5 vs. 4 28 73.67 0.38 4.412 Accept H 0: M5  -  M,
4 vs. 1 837 71.33 11.73 4.412 Reject H 0: m< -  Mi
4 vs. 2 376 76.68 4.90 4.412 Reject Hq: Ms =  M<>
4 vs. 3 72 71.33 1.01 4.412 Accept H 0: m ,  =  Ms
3 vs. 1 765 68.91 11.10 4.412 Reject H 0: Ms =  Mi
3 vs. 2 304 74.44 4.08 4.412 Accept H 0: m3 “  M2
2 vs. 1 461 74.44 6.19 4.412 Reject Hq: M» “  Mi
Overall conclusion: Mi *  m2 y t  M, «• Ms “  As “  Mz 
S um m ary  T able
Sampling Device
Westbay® MP 
Bailer
BAT® HDPE 
BAT® PTFE  
Bladder Pump 
Pump/Packer 
BAT® Well Probe
616
1076
1381
1453
1481
1510
1593
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T able 23. - Tukey m ultiple com parison test, TO C  recovery.
Null Hypothesis H0: Mi — M2  “  #*3 “  ^ 4  ”  H  ”  1*9 ~  I*7 rejected.
Devices Ranked by Number: 1 2 3 4 5 6 7
Devices Ranked by Mean (i): HDPE West WP BP Bail PP PTFE
Ranked Sample Means (xj): 9.2 9.4 9.6 9.6 9.7 9.7 9.8
Sample Size (n|): 8 8 7 8 8 7 7
s2 «■ residual mean square — 0.087
C om parison
Difference 
Xb  ~  Xa SE q <I0.05I30,7 C onclusion
7 vs. 1 0.6 0.108 5.56 4.397 R eject H 0: M7  “  Hi
7 vs. 2 0.4 0.108 3.70 4.397 A ccept Hq: i*7 =  n 2
7 vs. 3 0.2 0 .1 1 1 1.80 4.397 A ccept Hq: M7 — Mo
7 vs. 4 0.2 0.108 1.85 4.397 A ccept H0: m7  — M,
7 vs. 5 0.1 0.108 0.93 4.397 A ccept Hq: i i 7  -  Mb
7 vs. 6 0.1 0 .1 1 1 0.90 4.397 A ccept H0: m7  “  Me
6 vs. 1 0.5 0.108 4.63 4.397 R eject H 0: Me =  Hi
6 vs. 2 0.3 0.108 2.78 4.397 A ccept H„: m8  ** H2
6 vs. 3 0.1 0.111 0.90 4.397 A ccept H0: Me -  H
6 vs. 4 0.1 0.108 0.93 4.397 A ccept Hq: Mo “  H4
6 vs. 5 0 0.108 - 4.397 A ccept H0: Me “  H
5 vs. 1 0.5 0.104 4.81 4.397 R eject H 0: ms “  H
5 vs. 2 0.3 0.104 2.88 4.397 A ccept H0: iis  —
5 vs. 3 0.1 0.108 0.93 4.397 A ccept H0: Ms -  H
5 vs. 4 0.1 0.104 0.96 4.397 A ccept H0: Ms “  1*4
4 vs. 1 0.4 0.104 3.85 4.397 A ccept H0: m,  “  Mi
4 vs. 2 0.2 0.104 1.92 4.397 A ccept H0: Mh ”  Ms
4 vs. 3 0 0.108 - 4.397 A ccept H0: fiA -  m3
3 vs. 1 0.4 0.108 3.70 4.397 A ccept Hq: Ms  -  Mi
3 vs. 2 0.2 0.108 1.85 4.397 A ccept Hq: m3 “  Mo
2 vs. 1 0.2 0.104 1.92 4.397 A ccept H 0: M2  ”  Mi
Overall conclusion: Mi v* Ms — Me ■» p 7
S um m ary  T able
Sampling Device x
BAT® HDPE 9.2
Westbay® MP 9.4
BAT® Well Probe 9.6 
Bladder Pump 9.6
Bailer 9.7
Pump/Packer 9.7
BAT® PTFE 9.8
A P P E N D IX  F
A dditional E xperim ental W ork, 
W estbay® Installation
I l l
ADDITIONAL EXPERIM ENTAL W O R K , 
W ESTBAY® INSTALLATIO N
The relatively low VOC concentrations recovered by the Westbay® MP Sys­
tem prom pted the development of an additional set of field experiments designed 
to isolate the source of this apparent anomaly. The basic experimental design 
consisted of collecting multiple samples from the Westbay® installation, utilizing 
a variety of sampling methods, an d /o r sample handling procedures. Most of the 
samples were collected in order to  investigate; (a) the effect th a t a perforated 
septa in a standard  VOA bottle has on sample integrity, and (b) the claim tha t 
inverting the VOA bottles during storage would have eliminated the loss of vola- 
tiles from the sample bottle.
E xperim ental Design
During the week of June 13, 1988 full sets of samples from each well were 
collected in order to duplicate previous sampling conditions. In addition to  sam­
pling w ith  the bladder pump and the Teflon® bailer, well 1 was also sampled 
w ith the Westbay® sampling probe and a small-diam eter (1.91cm) Timco® 
bailer. These samples were to be used to  compare conditions between well 1 and 
well 3 (the Westbay® installation) in order to  determine if the low benzene and 
chlorobenzene concentrations were the result of different chemical conditions sur­
rounding well 3.
A  total of 14 VOA samples were collected from the Westbay® installation. 
Of these, two samples (PL-531 and 536) were stored in an upright position, while 
the remainder were stored in an inverted position. Three bottles (PL-538, 540 
and 562) were sealed w ith Parafilm® over the cap in an a ttem p t to "seal" the
112
needle punctures in the septa. Sample PL-539 was sealed w ith alum inum  foil for 
the same reason. The septa on sample bottle PL-542 was replaced w ith a new, 
unperforated septa. Sample PL-543 was collected using a newer model of the 
Westbay® MP VOA sample bottle holder which is designed to  give the operator 
better needle control and allows a  greater volume of w ater to  pass through the 
VOA bottle. Samples PL-544 and 545 were collected in a vented stainless steel 
container, carefully poured into a VOA bottle, and capped (no septa perfora­
tions). Sample PL-547 was collected in a stainless steel "high pressure vial" pro­
vided by Westbay®. This vial is sealed by closing a valve and therefore does not 
rely upon a flexible, perforated septa.
W hen all of the standard sampling procedures had been completed, the 
pumping port on the Westbay® installation was opened. A fter purging the well 
w ith a peristaltic pump, a sample (PL-561) was collected from inside the well 
casing w ith the Timco® bailer. As noted earlier, this sample was to  be compared 
to a sample collected from well 1 w ith the same bailer. Sample PL-562 was col­
lected from outside the casing through the lowermost measurement port.
E xperim ental R esults
A sum m ary of the sampling results is presented in Table 24. Based on the 
results of the experiment, it appears th a t all of the Westbay® samples which 
were collected and stored with a perforated septa experienced high losses of both 
benzene and chlorobenzene relative to  those samples stored in bottles w ith an 
unperforated septa. Inverting the bottles apparently had little or no effect on 
VOC losses. Sealing the bottle w ith Parafilm® or foil apparently  diminished the 
losses som ew hat, bu t did not eliminate them.
U nfortunately, samples PL-514, 519, 520, and 521 were all apparently 
compromised in some unknown fasion. Benzene and chlorobenzene
113
concentrations in all of these samples were anomalously low or below detection 
limits. Therefore, a comparison between wells 1 and 3, based on the Timco® 
bailer samples, is not possible. However, the benzene and chlorobenzene concen­
trations found in sample PL-561 suggest th a t the conditions near well 3 are, at 
the very least, sim ilar to conditions surrounding the other Wells. Therefore, it is 
unlikely th a t the low VOC concentrations associated w ith  the Westbay® MP 
System throughout the seven previous sampling weeks can be blamed on 
anomalously low concentrations of benzene and chlorobenzene surrounding well 
3.
The effect of a perforated septa on sample integrity can also be seen in the 
standard  samples subm itted to the laboratory (PL-548, 549, and 550). The 
septa in two of the bottles were punctured w ith the same type of needles used 
for Westbay® sampling, while the th ird  bottle was simply inverted. The chloro­
benzene concentrations in these standards should have been 19.8 ppb. The low 
concentrations found in samples PL-549 and 550 suggest a greater than  50% loss 
of chlorobenzene due to  the presence of the perforations in the bottle  septa. The 
16 ppb chlorobenzene concentration found in sample PL-548 m ay indicate possi­
ble losses through even an unperforated septa, or perhaps a poorly prepared 
standard  solution.
The mechanism for the loss of V O C’s from the sample is not clear, but 
three possibilities appear likely:
- Passage of air through the septa and into the sample bottle, 
forming bubbles into which the VOC’s may volatilize.
- Direct volatilization to  the atm osphere through the 
perforated septa.
- Sorption of the organic compounds onto  the silicone rubber 
of which most of the septa is comprised (the septa are 
Tellon®-lined).
1M
Air bubbles have been known to  form in the sample during storage. How­
ever, the losses may be a combination of any of the possibilities noted above.
Based on the results of the additional field experiments, it is apparent tha t 
a perforated septa in a standard  VOA bottle can have a considerable effect on 
sample integrity and should be replaced. The questions raised concerning per­
forated septa should also be applied to the BAT® Ground W ater Monitoring 
System in light of the fact th a t this sampling device also utilizes flexible septa in 
sample vials. While it appears th a t the BAT® sample vials have not experienced 
the high VOC losses characteristic of the Westbay® device, the potential for such 
losses, particularly  after the sep ta has been perforated several times, should be 
investigated.
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T able 24. - W eek 19 sam pling results, VOC concentrations.
Sample
Number
Benzene
0*b /1)
Chlorobenzene
fog/1) Well Device Treatment
PL-486 276 1420 5 BAT® HDPE
PL-491 136 1510 2 BAT® PTFE
PL-496 <2 <2 Equip. Blank - Bailer
PL-501 152 1010 4 BAT® Well Probe
PL-506 <2 <2 Trip Blank
PL-507 <2 <2 Trip Blank - Organic-
free H20
PL-514 34 <2 1 Bladder Pump
PL-519 <2 <2 1 Westbay® Invert
PL-520 <2 <2 1 Timco® Bailer Invert
PL-521 8 <2 1 Teflon® Bailer
PL-526 <2 <2 Equip. Blank -
Bladder Pump
PL-531 53 435 3 Westbay® Upright
PL-536 44 312 3 W estbay® Duplicate PL-531
PL-537 48 399 3 Westbay® Invert
PL-538 81 609 3 Westbay® Invert, paraseal
PL-539 67 542 3 Westbay® Invert, foil seal
PL-540* 80 741 3 Westbay® Duplicate PL-538
PL-541* 63 616 3 Westbay® Duplicate PL-537
PL-542 144 1500 3 Westbay® Invert, new septa
PL-543 70 650 3 Westbay® New holder, invert
PL-544 129 1380 3 Westbay® Vented bottle1, invert
PL-545 130 1370 3 Westbay® Vented bottle**, invert
PL-516 <2 <2 Trip Blank - Organic-
Free H20
PL-517 134 1310 3 Westbay® High pressure vial
PL-548 <2 16 Standard' No puncture, invert
PL-549 <2 6 Standard0 2 punctures, invert
PL-550 <2 8 Standard0 2 punctures, upright
PL-551 148 1600 6 Pump/packer
PL-556 159 1710 6 Pump/packer Duplicate PL-551
3 (Open Pumping Port)
PL-561 160 1450 3 Timco® Bailer Invert
PL-562 99 954 3 Westbay® Invert, paraseal
Upright =  VOA bottle stored in upright position 
Invert =  VOA bottle stored in inverted position 
* =  Samples originally intended for 24 hour analysis 
a =  Vented bottle, short delivery tube 
b =  Vented bottle, long delivery tube
c =  Chlorobenzene standard; Concentration should be 19.8 ppb
Samples PL-514 through PL-521 may have been compromised in some fashion. Concentra­
tions of both benzene and chlorobenzene are either much lower than expected or below detection 
levels. Raw data shows that the internal and surrogate standards used in the lab were all normal 
during the analysis.
